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????  
? 1. ????? III SnRK2???????????????? 
?1. ???????????????????LC-MS/MS?????????
????????????? 
? 2. ????????? SRK2D-sGFP???????????????? 
? 3. ? GFP ?????????????????????????????
??????? 
? 4. LC-MS/MS????????????????????????? 
? 2. LC-MS/MS?????????? SRK2D?????????? 
? 3. LC-MS/MS??????????ABI1???????????????? 
? 4. LC-MS/MS??????????CIPK26???????????????
? 
? 5. ?????????????? SRK2D ???????????????
??????? 
? 6. CIPK26???????? 
? 7. sGFP?? CIPK26?????????????? 
? 8. Myc???? CIPK26?????? GFP?? SRK2D?????????
????? 
? 9. ?????????????? SRK2D ????? CIPK26 ??????
?????? 
? 10. ??????????????? SnRK2? CIPK26?????????
??? 
? 11. BiFC???? SRK2D, SRK2E, SRK2C? CIPK26, CIPK24???????
????? 
? 12. ????? CIPK??????????????? 
? 13. ?????????????? SRK2D ?????? CIPK26, CIPK3, 
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CIPK9, CIPK23???? CIPK24???????????? 
? 14. BiFC???? SRK2D? CIPK26, CIPK3, CIPK9, CIPK23???? CIPK24
???????????? 
? 15. ??????? SnRK2 ??????CIPK ?????????????
????? 
? 16. cipk26, cipk3, cipk9, cipk23???????????  
? 17. cipk26, cipk3, cipk9, cipk23??????????????? 
GM????????????? 
? 18. cipk26, cipk3, cipk9, cipk23??????????????? 
???????????????? 
? 19. CIPK26????????? cipk26/3/9/23??????????????
??? 
? 20. cipk26/3/9???????? cipk26/3/9/23?????? ABA????? 
? 21. cipk26/3/9 ??????cipk26/3/9/23 ????????????????
?????? cipk26/3/9??????cipk26/3/9/23??????????
?????????? RD29B???????? 
? 22. cipk26/3/9???????? cipk26/3/9/23??????????????
???[Ca2+]???????????? 
? 23. cipk26/3/9???????? cipk26/3/9/23??????????????
???[Mg2+]??????????? 
? 24. ???? Mg2+????????????? cipk26/3/9 ????????
cipk26/3/9/23??????????????????? 
? 25. ???? Mg2+???????? CIPK26 ??????????????
?? 
? 26. CIPK26???????????? Ca2+??????????? 
? 27. ???? Mg2+???????? srk2d/e/i, cipk26/3/9 ????????
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cipk26/3/9/23?????????? 
? 28. 20 mM MgCl2????????????? srk2d/e/i, cipk26/3/9?????
??? cipk26/3/9/23 ??????? Mg ????? K ????????
????? 
? 29. ???? K+, Na+, Mg2+???? Ca2+???????? srk2d/e/i, cipk26/3/9
???????? cipk26/3/9/23?????????? 
? 30. ????Mg2+???????? cipk????????????????
?? snrk2?????????????????? 
? 31. SRK2D????????? srk2d/e/i??????????Mg2+????
??????????? 
? 32. srk2d/e/i/cipk26/3/9/23?????????????Mg2+????????
???? 
? 33. ????Mg2+???????? ABA???????aba2-1, nced3-2??
?? areb1/areb2/abf3?????????? 
? 34. ABA????????????Mg2+??????? aba2-1??????
????????? 
? 35. ??????????????? SRK2D-MBP ??? CIPK26-GST ??
??????????? SRK2D-MBP, CIPK26-GST??? 
? 36.??????????????? CIPK26-GST ????????
SRK2D-MBP ??????????? SRK2D-MBP ????????
CIPK26-GST??????? 
? 37. vha-a2 vha-a3????????????Mg2+????????? 
? 38. vha-a2 vha-a3???????????? Zn2+????????? 
? 39. ?????????????? MRS ????????? Mg2+????
????? CIPK26???? SRK2D???????????? 
? 40. ??????????????? CIPK26-GST ???? SRK2D-MBP ?
 4 
??MRS2-5? N??????????? 
? 41. ???????? Mg2+??????????????? III SnRK2??
??????????????CIPK26/3/9/23????????????
????? 
? 5. ??????????????????
 5 
 
 6 
????  
ABA; abscisic acid 
ATP; adenosine triphosphate 
BiFC; bimolecular fluorescence complementation 
CBB; coomassie brilliant blue 
cDNA; complementary deoxyribonucleic acid 
CIPK; Calcineurin B-like (CBL) interacting protein kinase 
DNA; deoxyribonucleic acid 
DTT; dithiothreitol 
EDTA; ethylenediaminetetraacetic acid 
GFP; green fluorescent protein 
GST; glutathione S-transferase 
GUS;?-glucuronidase 
ICP-MS; inductively coupled plasma-mass spectrometry 
LC-MS/MS; liquid chromatography-tandem mass spectrometry 
MBP; maltose-binding protein 
MES; 2-morpholinoethanesulfonic acid 
MS; Murashige and Skoog 
PCR; polymerase chain reaction 
RFP; red fluorescent protein 
RNA; ribonucleic acid 
rRNA; ribosomal RNA 
RT-PCR; reverse transcription polymerase chain reaction 
SDS; sodium dodecyl sulfate 
SDS-PAGE; sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
sGFP; synthetic green fluorescent protein 
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SnRK2; Sucrose non-fermenting-1-related protein kinase 2  
T-DNA; Transfer DNA 
Triton X-100; polyoxyethylene(10) octylphenyl ether 
Tris-HCl; tris(hydroxymethyl)-aminomethane hydrochloride 
YFP; yellow fluorescent protein 
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??  
????2050 ???? 90 ?????????????????????
?World population prospect The 2012 Revision?????????????????
????????????????????????????????????
????????????????????????????2050 ?????
????????????????? 60%?110%?????????????
?????????Tilman et al., 2011???????????? 1960?????
???????????????? 20 ??????????????????
???????????????????????????????????
???????????????1960 ????? 2 ????????????
??????????????????????????? 2007 ??????
???????????????????????????????????
????????2050 ?????????????????????????
????????Ray et al., 2013??????????????????????
??????????????????????????????? 
??????????????????????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????Boyer, 1982??????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
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???????????????????????????????????
????????????????????????Ito et al., 2006?Xiang et al., 
2008??????????????????????????????????
???????????????????????????????????
????????????? 
??????????????????????????????????
???????????????????????????????????
????????????????????????????????????
??????????????Saab et al., 1990???????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????????Bartels and Sunkar, 2005?? 
??????????????????????????????????
???????????????????ABA??????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????LEA?late embryogenesis 
abundant????????????????????????????????
???????????????????????????????????
????????????????????????????????????
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??????????????????????????????????
?Yamaguchi-Shinozaki and Shinozaki, 2006??????????????????
??ABA??????? ABA????????????????????ABA
?????????AREB?abscisic acid-responsive element-binding protein?/ABF
?abscisic acid responsive element-binding factor???????ABA??????
????DREB2?dehydration-responsive element-binding protein 2???????
?????????????????Yamaguchi-Shinozaki and Shinozaki, 2006?? 
ABA ????????????????????????????????
???????? III SnRK2 (SNF1-related protein kinase 2) ?????????
??????????????????????Fujii et al., 2009?Fujita et al., 
2009??????? III SnRK2? ABA???????????????????
????????????????????Li et al., 1996?Li et al., 2000?????
????? III SnRK2????????????? ABA??????????
????????????????Yoshida et al., 2006????????????
?????????????????????????????????? III 
SnRK2 ???????????????????????????????
AREB/ABF ?????????????????????????????
ABA?????????????????????????????????
????Geiger et al., 2009?Lee et al., 2009?Kobayashi et al.,2005?Furihata et al., 2006?
Fujii et al., 2009?Fujita et al., 2009??????????????? III SnRK2
?SRK2D/SnRK2.2?SRK2E/SnRK2.6/OST1 ??? SRK2I/SnRK2.3??????
??????srk2d/e/i ?????? ABA ????????????????
srk2d/e/i ???????????????????????????????
??????srk2d/e/i?????????????????< 60 %??????
????????????????????????????????Fujii et 
al., 2009?Fujita et al., 2009????????????????????????
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?????????? III SnRK2?????????????????????? 
?????????? III SnRK2? ABA????????????????
??????????Ma et al., 2009?Park et al., 2009?Umezawa et al., 2009???
??????? III SnRK2????????????????????????
????Umezawa et al., 2013?Wang et al., 2013???????????????
??????srk2d/e/i??????????????????????????
?????????????????? III SnRK2?????????????
?????????????? 1?????????????????????
?? III SnRK2?????????????????? III SnRK2??????
???????????????????????????????????
?????????????????????????????????? 
??????????????????? III SnRK2???????????
??? III SnRK2 ???????????????????????????
???????? III SnRK2???????????????????????
??????????? 1????????? III SnRK2??????????
???????????????????????? 2 ??????????
?????????????????????CIPK26/3/9/23????????
????????? 3????????? III SnRK2? CIPK26/3/9/23????
???????????????? 4 ??????????????????
???? III SnRK2 ? CIPK26/3/9/23 ???????????????? III 
SnRK2? CIPK26/3/9/23?????????????????? III SnRK2??
? CIPK26/3/9/23??????????????????????????? 
 12 
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???	 ????? III SnRK2??????????????????  
? 1?   ??????????? SRK2D????????????  
 
I-1-1. ??  
????? III SnRK2???????????ABA???????????
???????????????????????????????????
???????? III SnRK2???????????????? III SnRK2??
???????????????????????????????????
????? III SnRK2 ?????????????????????????
?????????? III SnRK2?????????????????????
???????????????????????????????????
???????????????????????????????????
????????? 
???srk2d/e/i ???????????????????????????
????????? ABA???????????? III SnRK2???????
??????????????????? (Umezawa et al., 2013?Wang et al., 
2013)???????ABA???????????????? SnRK2-substrate 1
?SNS1????????????? Flowering Basic Helix-loop helix-type 
transcription factor 3?FBH3????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
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???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????? 1????????ABA ??????????
ABA Insensitve 1 (ABI1)???????????????????? ABA??
??PYR/PYL/RCAR???jasmonate ZIM-domain 1?JAZ1??????????
???????????JAZ??????????????? TOPLESS???
???????? Novel Interactor of JAZ?NINJA?????????Nishimura et 
al., 2010?Pauwels et al., 2010???????????????????????
???????????????????????????????????
????????????????????????????????????
???????????????????????????????????
????????? 
??????????? III SnRK2???????????????????
????????????????????? III SnRK2??????????
???????????????????????? III SnRK2???????
????????????????????????ABA?????????
???????????? SRK2D/SnRK2.2?Fujii et al., 2007?Fujita et al., 2009?
?????SRK2D???????????????????????? 
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I-1-2. ??  
1. ?????? 
???????????????Arabidopsis thaliana (L.) Heynh ecotype 
Columbia (Col)?????????????????Kim et al., 2012?????
???????? 70 % ??????????????1%?????????
??0.02% (v/v) Triton X-100???? 5??????????????????
???????????? 3????????? germination medium (GM)??
???4.6 g/L ?????????????????????????1 mL/L B5
????????????????????0.5 g/L MES, 30 g/L ??????8.3 
g/L Bacto Agar (BD Biosciences)?pH 5.7 (KOH)???????4ºC? 3????
?????????????40±10 µmol photons/m2/s?16??/?? 8???22ºC
?????????????????????????????10 mg/L? ?
??????? B??????????? GM ?????GMH10??????
????????? 
?????????????????????????? pSoup ?????
Agrobacterium tumefaciens GV3101 (pMP90) ????????????????
???????????Weigel and Glazebrook, 2006????????????
???????????????????????? LB?????10 g/L Bacto 
Tryptone (BD Biosciences)?5 g/L Bacto Yeast extract (BD Biosciences)?10 g/L??
??????pH 7.0 (NaOH)?50 mg/L ???????????????12g/L Bacto 
Agar?????????????????????????????????
????????????????????????????Clough et al., 2005?
?????????? 
 
2. ??????????? 
GM ????????? 12 ???????????????????? 50 
 16 
µM ABA?????? 0.8 M D-?????????????????????
?????????1??????? 3??????????????????
??? Yoshida et al., 2010????????????????????????
?????? Nakashima et al., 2009????????????????????
????????????myelin basic protein???????????????
????? 
 
3. ???????? 
GM ????????? 3 ??????????????????????
????? 4 ?????????????????????????????
????? 6-7????????????????4?????????????
??????????? 
 
4. ???? 
GM????????? 3?????????????????????? 4
?6 g?????????????????????????????????
???????????????????????????????????
?? 3 ????????????????????????????????
???A [1% (w/v) Triton X-100, 150 mM ???????, 50 mM Tris-HCl (pH 
8.0), 1?? Complete?Roche Applied Science?/ 25 ml]????????B [0.2% 
(w/v) Triton X-100, 75 mM ???????, 50 mM Tris-HCl (pH 8.0), 1 ??
Complete/ 25 ml]????????????C [0.2% (w/v) Triton X-100, 50 mM 
Tris-HCl (pH 8.0), 1?? Complete/ 25 ml]????????? 4ºC?5,000 g? 10
????????????????????????Miracloth?Calbiochem??
????????????? 4ºC?20,000 g? 20?????????????
??????????????????????? 100 µL?? GFP?????
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?????µMACS Anti-GFP MicroBeads????????????????4ºC
? 30????????????MiniMACS????????????????
??????? M ?????????????????????-? GFP ??
???????????? 2 mL ???????????????? Complete
??????????????????? M???? 2 mL????????
?????????????95ºC???? 100 µL???????? [50 mM Tris 
HCl (pH 6.8), 50 mM DTT, 1 % SDS, 1 mM EDTA, 0.005% ??????????
??10% ??????]?????????????????????????
??????? 
 
5. ??? 
??????????????????SDS-??????????????
??SDS-PAGE??????????????? PlusOne Silver Staining Kit, Protein 
(GE ??????????)??????????????????????-
?????????LC-MS/MS?????????????SilverQuest Silver 
Staining Kit???????????????????????????????
???? 
 
6. ????????? 
6.1 ????????? 
SDS-PAGE ?????????????????????????????
????????????Immobilon-P?Millipore?????????????
????????????? 1??? 50 ml???????????5% (v/v)?
?????12.1 g/L Tris, 14.4 g/L ?????????????????????
??????ATTO???????????????????????????
???????????????BIO-RAD?????????????????
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???????????????????????????????? 1 cm2
?? 2 mA????? 75??????????????????????? 
 
6.2 ?????? 
???????????????????5%???????????????
1×TBS-T [20 mM Tris-HCl (pH 7.5)?0.8% ????????0.1% Polyoxyethylene 
(20) Sorbitan Monolaurate (Tween20??????????)]??????????
????? 1???????????4ºC??????????? 
 
6.3 ???? 
? GFP???Roche??1:2500???? 1×TBS-T?????????????
??????????? 2 ???????????1×TBS-T ????????
???? 3??????????????????????????????HRP?
?????? IgG?????????????????(1:10000)??? 1×TBS-T
?????????? 1 ????????????????????????
????? 
 
6.4 ?? 
????????? ECL prime Western Bolotting Detection Reagent?GE???
????????????LAS3000 (??????)??????????????
?????????????? 
 
7. ?????????? 
??????????????????Shevchenko et al., 2006??????
???????????????????????????????????
?? 0.1% (v/v)?????????? 5% (v/v)???????????????
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?????C18 disk membrane?3M??????? StageTips????????
??Rappsilber et al., 2003??????????????????9 µL? 0.1% (v/v)
?????????? 5% (v/v)???????????????? 
 
8. ????????????????? 
nano-LC-MS/MS?????EASY-nLC 1000 (??????????????
?????)? LTQ-Orbitrap XL??????????????????????
??????????????nano-LC-MS/MS ????????????? ?
??????????? ????????????????????????
Mascot ???????2.3.02 ??Matrix Science??????The Arabidopsis 
Information Resource ? ? ? ? ? ? ? (TAIR10_pep_20101214, 
ftp://ftp.arabidopsis.org/home/tair/Sequences/blast_datasets/TAIR10_blastsets/)???
?????????????MS???MS/MS??????????????
????????????????? 
 
9. ???????????????????????? 
9-1. pGBKT7-SRK2D??? pGADT7-ABI1?CIPK26?TSN2?ACLB-1??? 
SRK2D?????????? DNA??? PCR????????EcoRV??
??? PCR??? pGBKT7?Clontech????????? BamHI??????
? pGBKT7-SRK2D???? 
ABI1?CIPK26???? TSN2?????????? DNA??? PCR???
?????SmaI????? PCR??? pGADT7?Clontech?????????
BamHI ??????? pGADT7-ABI1?CIPK26?TSN2 ????ACLB-1 ???
??????? DNA??? PCR????????EcoRV????? PCR??
? pGADT7???????? BamHI??????? pGADT7-ACLB-1???? 
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9-2. ?????????????? 
??????????????? MatchMaker GAL4 two-hybrid system 3 
(Clontech)???????????????????????????? AH109
?? pGBKT7????????????? pGADT7????????????
??????AH109?????????Fast Yeast Transformation?G-Bioisciences?
???????????????Leu ??? Trp ??????? SD ????
?SD/-LW?6.7 g/L Difco Yeast Nitrogen Base w/o Amino Acids?BD Biosciences??
10% (v/v) 10×Dropout ??*?20 mg/L L-?????????20 mg/L ?????
???2 % (v/v) D-??????18 g/L BA-10??????????????????
?????? 30ºC? SD/-LW??????????????????????
??????His?Leu??? Trp??????????? 3-amino-1,2,4-triazole 
?3-AT?????????SD?????SD/-LWHA?6.7 g/L Difco Yeast Nitrogen 
Base w/o Amino Acids?BD Biosciences??10% (v/v) 10×Dropout ??*?2 % (v/v) D-
??????18 g/L BA-10???????????? 30ºC??????????
??????????? SD/-LW?????? 30ºC??????? 
*10×Dropout ??: 200 mg/L L-?????????300 mg/L L-???????300 
mg/L L-???????200 mg/L L-??????500 mg/L L-?????????
2000 mg/L L-??????300 mg/L L-?????1500 mg/L L-????200 mg/L L-
???? 
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I-1-3. ??  
??????????????????????????????????
SRK2D????????????????????????????????
?????????????????????CaMV?? 35S????????
??? sGFP ?? SRK2D ??????SRK2D-sGFP????????????
????????????????????Fujita et al., 2009??GFP?????
?GFP??????YFP????????????????????????
???????????????????????????????????
?? 1?Nishimura et al., 2010?Tamura et al., 2010????? SRK2D-sGFP???
????????????????????????SRK2D-sGFP ?????
??????????? sGFP ?????? GM ?????????????
???????WT????????????????? 2A?2B???????
???? SRK2D-sGFP ?????????????????????????
????ABA?????? 0.8 M ????????????????????
?????? SRK2D-sGFP ???????????????????????
????????? 2C???????ABA?????????????????
SRK2D-sGFP ???????????????????? SRK2D-sGFP ???
??????????????????? 2C??????3?????????
III SnRK2?SRK2D/SnRK2.2?SnRK2E/SnRK2.6/OST1?SnRK2I/SnRK2.3????
??????srk2d/e/i?????? SRK2D-sGFP??????srk2d/e/i????
???????????????????????????????????
?? 2D???????sGFP???????????SRK2D-sGFP??????
??????????????????????????? 2D???????
??????????????????? SRK2D-sGFP ??????????
?????????? 
sGFP???????? SRK2D-sGFP??????????? GFP????
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????????? SRK2D-sGFP ????????????????????
????????????????????????????????????
3A-C?????????????????????A????????????
?????????????? 3A???????sGFP????????????
SRK2D-sGFP??????????????????????????? 3A??
????????? SRK2D-sGFP ????????????????????
???????????????????????????????????
???????????????????????LC-MS/MS?????????
???????????????????????????????????
? ???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????B ??????????????
?????????C ???????????????? GFP ???????
?????????? 3B?3C??????????????????????
????? 3A?????????????????????????????
??????SRK2D-sGFP ???????????????????????
?????? 3B?3C????????????C ?????????????
????????? GFP??????????????????????sGFP
???? SRK2D-sGFP??????????????????? 3D?? 
??????????C ???????????????????????
??????????LC-MS/MS ??????SRK2D-sGFP ????????
??????????????????????? ???????????? 
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?????????????????????????? 4A-C?? 2??3??
???? LC-MS/MS????????????? SDS-PAGE????????
????????????????????????? 4A-C????????
????????????????sGFP???????? SRK2D-sGFP???
???????????????????????????????????
??? LTQ-Orbitrap LC-MS/MS?????????????????MS??
? MS/MS ?????? Mascot ?????????????????????
?????? 
3 ?????? LC-MS/MS ???2 ??????????????????
????? 1??????????????????????????????
????SRK2D-sGFP ???????????????????????
SRK2D-sGFP ????????????????????????? 3 ???
????????????????????(i)???????? 2 ?????
??????????????(ii)??????????????? 3 ????
???????? 2????????????(iii) SRK2D?????????
????????? (Fujita et al., 2009)????? ?????????????
SUBA3?????????? (Tanz et al., 2013)??????????????
??????????????????? 25???????????????
???????????????? 2?????????? III SnRK2 ????
???????????????????????????????????
???????????? ABI1 ???????????????? 3????
??????????????????????????? SRK2D-ABI1 ??
???????????????????????????????????
?????????????????????? SRK2D??????????
????????????? 
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?????????????????? SRK2D?????????????
?????????????????? 5?????????????ABI1??
? CBL-interacting Protein Kinase 26 (CIPK26)??????? SRK2D?????
??????????????? 5?????TUDOR-SN protein 2 (TSN2)???	 
ATP-cytrate lyase B-1 (ACLB-1)? SRK2D?????????????????
?????????? 5???????CIPK26? SRK2D??????????
????????LC-MS/MS??????????CIPK26?????????
???????? 4????? 
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I-1-4. ??  
??????? LC-MS/MS ????????????? SRK2D/SnRK2.2 ?
???????????????????????????????? 2???
?????????? III SnRK2 ????????????????????
????????????ABI1????????? 2?? 3?????????
???????????????SRK2D?????????????????
??????????? AREB1/ABF2??????????????????
???????????????????????????????????
???????? SRK2D-AREB1 ????????????????????
?? SRK2D-AREB1 ???????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????SRK2D-AREB1 ??????????????????
???????????????????????????????????
??? SRK2D??????????????????????? 
????????????????????????????????
TSN2? ACLB-1????????????????????????????
?????????????bimolecular fluorescence complementation (BiFC)??
??????? SRK2D?????????????????????????
???????????????????? 
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? 1?  ? 2?	 SnRK2?CIPK??????????????????  
 
I-2-1. ??  
? 1 ? ? 1 ????????????? LC-MS/MS ??????????
???? SRK2D/SnRK2.2????????????CIPK26??????? 2?
? 4?? 5?? 
CIPK26 ??????????????????? Calcineurin B-like 
(CBL)-interacting protein kinase?CIPK???????????????????
????Weinl and Kudla, 2009??CIPK???????? SnRK3/PKS????
??????SnRK2?????? SnRK1????????? SnRK?????
?????????????????Hrabak et al., 2003??CIPK???????
??? Ca2+???? CBL????????????????????????
???????????????????????????????????
???????Gong et al., 2004??CIPK?????????????????
??????????????????????????????????
CIPK24/SOS2??Na+/H+???????? SOS1??????????????
??????????????????????????????????
?Qiu et al., 2002??CIPK23/LKS1?????? K+??????? AKT1???
?????????????K+???????K+??????????Li et al., 
2006?Xu et al., 2006?????CIPK???????????????????
??? ABA????????????????????? (Kim et al., 2003?
Cheong et al., 2007?Roy et al., 2013)?CIPK26????????????????
ROS??????? NADPH????????? RbohF? CIPK26?????
???????????????????????????????????
???Kimura et al., 2013?Drerup et al., 2013????????? CIPK26????
??????????? 
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?????CIPK26 ????????????????????SRK2D ?
CIPK26 ??????????????????????SnRK2?CIPK ???
?????????????????? 
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I-2-2. ??  
1. GUS????? CIPK26??????????? 
1-1. pGH-CIPK26pro:GUS??? 
CIPK26 ????????????????CIPK26 ???????????
?? 2033 bp??????????????????? DNA?????? PCR
????????SmaI????? PCR??? pGH-GUS?Fujita et al., 2012??
SmaI??????? pGH-CIPK26pro:GUS???? 
 
1-2. GUS?????????? 
I-1-2-1.???????pGH-CIPK26pro:GUS???????????????
?????????????????????? GUS???????????
?? 90% (v/v)????????????????????? 15??????90%
??????????100 mM NaPO4??????pH 7.0??????????
??GUS??? [100 mM NaPO4?pH 7.0??10 mM EDTA?5 mM ??????
??????5 mM ????????????0.1% (w/v) Triton X-100?0.5 mg/ mL 
5-bromo-4-chloro-3-indolyl-?-D-glucuronide (X-Gluc)]?????????20??
??????????????????37ºC????????????????
70% ???????????????????/?????v/v?6:1?????
?????????????????????70% ??????MilliQ ???
???????????????????????? 
 
2. ?? RT-PCR 
2-1. ??????? RNA??? 
? RNA ?????Satoh et al., 2004 ??????????????RNAiso 
(TaKaRa)??????????????????????-80ºC ??????
100 mg??????????????? 2 mL??????????????
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?????????????????? Shakemaster?Bio Medical Science?? 2
????????????? 1 mL? RNAiso??????? 5???????
4ºC?20,000×g ? 10 ??????????????????????????
??? 200 µL???????????4ºC? 20,000×g? 15????????
??????????????????????????????250 µL ?
High Salt???0.8 M ??????????1.2 M ????????? 250 µL ?
2-????????????? 5?????? 4ºC?20,000×g? 15?????
??????????????? 500 µL ? 75 %????????? 4ºC?
20,000×g ? 5 ?????????????????????????????
????????? 40 µL ? Milli-Q ?????????????????
NANODROP 1000 (???????????????????)?????RNA
?????????????OD260/OD280?????????? RNA ????
???????????? 
 
2-2.??? cDNA??? 
SuperScript III Reverse Transcriptase (??????????????)?????
? RNA????? cDNA??????? RNA 500 ng?0.25 µL???????
??? (25 pmol/µL???????????????)?0.5 µL? 10 mM dNTP 
Mixture ???? 7 µL ?????? Milli-Q ????????????? 65ºC
? 5 ?????????????? 1 ????????2 µL ? 5×First-Strand 
Buffer?0.5 µL? 0.1 M DTT?0.5 µL? SuperScript TM III Reverse Transcriptase
????25ºC?5 ???50ºC?60 ???70ºC?15 ?????????????
???? 
 
2-3.?? RT-PCR??????? 
?? RT-PCR???Real-Time PCR system 7300 (Applied Biosystems)??????
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???? Power SYBR Green PCR Master Mix (Applied Biosystems)?????5 µL
? 2×Power SYBR Green PCR Master Mix?0.2 µL? forward??????10 pmol/ 
uL??0.2 µL? reverse??????10 pmol/ uL??3.6 µL?MilliQ??????
???? cDNA??? 1µL??????????????????? 18S rRNA
??????????????????? 5 ???????????95ºC?10
??? [95ºC?15???60ºC?1??]? 40??????95ºC????????
?????? 60ºC???????????????????????????
??????????????????? 
 
3. ??????????????? sGFP ?? CIPK26?sGFP-CIPK26????
????? 
3-1. pGH-35Spro:sGFP-CIPK26??? pGH-35Spro:SRK2D-mCherry??? 
CIPK26 ?????????? DNA ??? PCR ????????SmaI ??
??? PCR??? pGH35S-sGFP?Fujita et al., 2009?? EcoRV???????
pGH-35Spro:sGFP-CIPK26???? 
vac-rk??????CD3-975?Nelson et al., 2007???? mCherry??? PCR
????????BamHI-EcoRV ????? PCR ??? pGH35S-sGFP ?
BamHI-EcoRV ??????? pGH-35Spro:mCherry ????SRK2D ?????
????? DNA ??? PCR ????????EcoRV ????? PCR ???
pGH-35Spro:mCherry? SmaI??????? pGH-35Spro:SRK2D-mCherry???? 
 
3-2. ??????????????????????????? 
I-1-2-1.??????? Agrobacterium tumefaciens GV3101 (pMP90)??
pGH-35Spro:sGFP-CIPK26???? pGH-35Spro:SRK2D-mCherry????????
????????????Tomato bushy stunt virus??? p19????????
?????????? GV3101?? 30ºC????????? LB??????
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???????????Waadt et al., 2008?????????? 5??????
????????????Nicotiana benthamiana??????????????
?????????????????????? 4-5???????? 
 
3-3. ?????????????????? 
??????????????????????????????????
?????????????????LSM5 PASCAL?Carl Zeiss???????
????????????????GFP ??????? 488 nm??????; 
505-530 nm???? RFP???????543 nm??????; 560-615 nm???
???????????????????????????????????
??????? 
 
4. ????????????? sGFP?? CIPK26????????????? 
4-1. pGH-CIPK26pro:sGFP-CIPK26??? 
CIPK26 ????????????????CIPK26 ???????????
?? 2033 bp??????????????????? DNA?????? PCR
????????SmaI????? PCR??? pGH35S-sGFP????????
KpnI-XbaI ??????? pGH-CIPK26pro:sGFP ????CIPK26 ??????
???? DNA ??? PCR ????????SmaI ????? PCR ???
pGH-CIPK26pro:sGFP? EcoRV??????? pGH-CIPK26pro:sGFP-CIPK26?
??? 
 
4-2. ?????????????????? 
I-1-2-1.???????pGH-CIPK26pro:sGFP-CIPK26???????????
???????????????????????????????????
????????????????????? I-2-2-3.3???????? 
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5. Myc???? CIPK26? GFP???? SRK2D????????? 
5-1. pGH-35Spro:4×Myc-CIPK26??? pGK-35Spro:SRK2D-sGFP??? 
pGWB17?Nakagawa et al., 2007?? 35S????????? PCR?????
???KpnI????? PCR??? pG0129-NosT?Matsukura et al., 2010?? KpnI
??????? pGH-35Spro????pGWB17?Nakagawa et al., 2007?? 4×Myc
??? PCR????????PstI????? PCR??? pGH-35Spro? PstI?
?????? pGH-35Spro:4×Myc ????CIPK26 ?????????? DNA
??? PCR ????????SmaI ????? PCR ??? pGH-35Spro:4×Myc
? SmaI??????? pGH-35Spro:4×Myc-CIPK26???? 
SRK2D?????????? DNA??? PCR????????EcoRV??
? ? ? PCR ? ? ? pGK-35Spro:sGFP ? SmaI ? ? ? ? ? ? ?
pGK-35Spro:SRK2D-sGFP???? 
 
5-2. ????????????????? 
I-1-2-1. ? ? ? ? ? ? ? pGH-35Spro:4×Myc-CIPK26 ? ? ?
pGK-35Spro:SRK2D-sGFP???? pGK-35Spro:sGFP????????????
?????????????????????????????? I-1-2-4.??
? I-1-2-6.??????????????????????4×myc-CIPK26 ??
????????? c-myc???MBL??1:1000?????? 
 
6. ???????????????????????? 
6-1. SRK2D ????????? SnRK2 ? pGBKT7 ???????????
pGADT7-CIPK3?CIPK9?CIPK23?CIPK24??? 
SRK2D ????? PCR ????????EcoRV ????? PCR ???
pGBKT7???????? BamHI????????SRK2D?????????
? pGBKT7?????????? SnRK2????????????? DNA?
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?? PCR????????SRK2D?SRK2I??? SRK2F???? SnRK2? DNA
??? SmaI ?????pGBKT7 ???????? BamHI ?????????
???SRK2I???? SRK2F?DNA??? EcoRI??? PstI?????pGBKT7
? EcoRI-PstI???????????? 
CIPK3?CIPK9?CIPK23???? CIPK24?????????? DNA???
PCR????????SmaI????? PCR??? pGADT7????????
BamHI??????? pGADT7-CIPK3?CIPK9?CIPK23?CIPK24???? 
 
6-2. ?????????????? 
I-1-2-9-2.????????????? 
 
7. ?????????????????????? BiFC???? 
7-1. pSPYNE-SRK2D?SRK2E?SRK2C??? pSPYCE(M)-CIPK26?CIPK3?CIPK9?
CIPK23?CIPK24??? 
SRK2D?????????? DNA??? PCR????????EcoRV??
??? PCR ??? pSPYNE173?Waadt et al., 2008?? SmaI ???????
pSPYNE-SRK2D????SRK2E???? SRK2C?????????? DNA?
?? PCR????????SmaI????? PCR??? pSPYNE173? SmaI?
?????? pSPYNE-SRK2E?SRK2C???? 
CIPK26?CIPK3?CIPK9?CIPK23???? CIPK24?????????? DNA
??? PCR????????SmaI????? PCR??? pSPYCE(M)?Waadt et 
al., 2008?? SmaI??????? pSPYCE(M)-CIPK26?CIPK3?CIPK9?CIPK23?
CIPK24???? 
 
7-2. ??????????????????????????? 
I-1-2-1.???????pSPYNE ??????????????????
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pSPYCE(M)??????????????? Agrobacterium tumefaciens GV3101 
(pMP90)????????????????????? p19?????????
????????? GV3101??????I-2-2-3-2.?????????????
???????????????????????????? 
 
7-3. ?????????????????? 
I-2-2-3-3.???????? 
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I-2-3. ??  
CIPK26 ??????????????????????????
pGH-CIPK26pro:GUS??????????????????????????
??????????? GUS ?????????GUS ?????? 1?8?18
?????????????????????????????? 6A????
?????CIPK26?????????????????????????? 
????? III SnRK2 ????????????????????????
????????????????????Boudsocq et al., 2004???? ABA?
?????????????????????Li et al., 1996?Mustilli et al., 2002?
Boudscoq et al., 2004??????? III SnRK2????????????????
??????CIPK26?????????????????????ABA???
???????????????????? CIPK26????????????
RT-PCR?????????? 6B?????????????????????
CIPK26????????????????????????????????
?????4??????? 1/4??????????????? 6B?????
????CIPK26????????? III SnRK2??????????????
???????????????????????????????????
????? 
 
???CIPK26????????????????????????????
?????sGFP?? CIPK26????sGFP-CIPK26???? mCherry?? SRK2D
????SRK2D-mCherry????????????????????????
????????????? GFP????? RFP?????????????
?????????????????GFP???RFP????????????
???????? RFP ?????????? 7A?????????
SRK2D-mCherry????????????????????sGFP-CIPK26??
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???????????????????????CIPK26?????????
?????? sGFP-CIPK26 ??????????????pGH-CIPK26pro: 
sGFP-CIPK26???????????????????? GFP???????
??????????????????????????????GFP ???
????????????? 7B?????????????????????
??? sGFP-CIPK26????????????????????? 
??????????? SRK2D?CIPK26???????????????
??????4×myc ???? CIPK26?4×myc-CIPK26???? sGFP ????
SRK2D-sGFP????????????????????????? GFP??
????????????????? 8??LC-MS/MS ???????????
???? SRK2D-sGFP???????????????????4×myc-CIPK26
???????????? sGFP ????????????????
4×myc-CIPK26??????????? 8?????ABA ??????????
???????? SRK2D-sGFP ?????????????????
4×myc-CIPK26???????? 8???????CIPK26??????????
????????????????? SRK2D???????????????
????? 
CIPK26 ????????????? SRK2D ????????????
SRK2D ????? CIPK26 ???????????????????????
??????? 9??SRK2D?????????? I??????? II????
???I, II ??? CIPK26 ???????????????????SRK2D ?
?????SRK2D RD?? CIPK26????????????????????
SRK2D ?????? CIPK26 ??????????????????????
????????????? I???????? II????????? CIPK26
????????????????????? 9?????? I ???????
? II ????????? CIPK26 ????????????????????
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??? 
???????????????10?? SnRK2?????????????
??????????????? I?II???? III???????Fujita et al., 
2013??????? III SnRK2?SRK2D?SRK2E??? SRK2I?? ABA???
???????????????????????????????????
???????????????Fujii et al., 2009?Fujita et al., 2009?Nakashima et 
al., 2009??????CIPK26? SRK2D??? SnRK2???????????
?????????????????????? 10?? SnRK2? CIPK26??
???????????????????SRK2D ?????????? III 
SnRK2 ??? SRK2E ??? SRK2I????????? II SnRK2 ???
SRK2C/SnRK2.8??? SRK2F/SnRK2.7? CIPK26?????????????
??????? 10?????????? I SnRK2 ??? SRK2A/SnRK2.4?
SRK2B/SnRK2.10?SRK2G/SnRK2.1?SRK2H/SnRK2.5??? SRK2J/SnRK2.9?
CIPK26?????????????????????????? 10??????
BiFC???? SRK2D?SRK2E??? SRK2C???????????????
?????? CIPK26????????????????????? 11?????
CIPK26???? CIPK24/SOS2? SRK2D?SRK2E??? SRK2C??????
??????? YFP????????????? 11?? 
 
???????????????26 ?? CIPK ?????????????
??????Weinl and Kudla, 2009??????????????????????
???????????????????????????????????
????????????? CIPK????????????????????
?Phytozome v9.1; http://www.phytozome.net?????????????????
???? 12A ???????????????? CIPK ??????????
??????????? 12B????????????CIPK26 ???????
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??????????????????? CIPK ?????????????
?????? 12B????????????????????????????
???????????????????????????????????
CIPK26 ??????????? CIPK3?CIPK9?CIPK23 ?????????
12B??CIPK26?CIPK3?CIPK9?CIPK23?????????????????
????????? 
?????????????? BiFC?????CIPK3?CIPK9??? CIPK23
? SRK2D?????????????????????? 13?14??????
??????????????CIPK26???? CIPK3??? CIPK9? SRK2D
??????? SRK2D??????SRK2D RD??????????????
??????? 13?????CIPK23??? CIPK24? SRK2D????????
???????????? 13??BiFC????????CIPK26???? CIPK3?
CIPK9 ??? CIPK23 ????????????????????????
SRK2D???????????????????? 14?????CIPK24? SRK2D
?????????????????????????? 14?????????
??????CIPK26???? CIPK3?CIPK9?CIPK23? SRK2D??????
???????????????????????????? SnRK2?CIPK?
??????????????????? 15?????? 
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I-2-4. ??  
GUS????????????????????????????????
CIPK26 ???????????????????? 6A???????????
?????????SRK2D/SnRK2.2 ???????????????????
?????????????????????????????????Fujii et 
al., 2007?Fujita et al., 2009??CIPK26????????? SRK2D??????
?????????????????????????????? 
??????? BiFC??????????CIPK26???????? SRK2D
???????????????????? 8?11??CIPK26? SRK2D???
???????????????????????????????????
??? ABA ??????????????????????? CIPK26 ?
SRK2D?????????????????????? 8?? 
SnRK2 ??????CIPK ?????????????????CIPK26 ?
SRK2D???????? II??? III SnRK2???????????????
???? 10?11????????? CIPK26 ??? CIPK3?CIPK9?CIPK23 ?
SRK2D ???????????????????????? 14?15?????
????????????? 8?????????”SnRK2-CIPK”??????
???????????? 15???????????????????????
??”SnRK2-CIPK”??????????????????SnRK2 ???
CIPK26/3/9/23?????????????????????????????
??????????? 
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 50 
 51 
 52 
 53 
 54 
 55 
 56 
 57 
 58 
 59 
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? 3?  ????  
? 1 ????????????? LC-MS/MS ?????????????
SRK2D/SnRK2.2???????????? CIPK26??????? 3?? 5??
SRK2D ???????????????????????????????
?Belin et al., 2006?Yoshida et al., 2006????? CIPK26??????????
??????? 9?????????? III SnRK2???????????? ABA
????????????????????????Umezawa et al., 2009?Vlad 
et al., 2009????????CIPK26? SRK2D???????????????
??????CIPK26? SnRK2?????????????????????? 
? 2 ????????????????????????????????
?? I ???? SnRK2? CIPK26????????????????????
????? II????????? III???? SnRK2?CIPK26???????
?????????? 10?11??SnRK2 ??????????SRK2J/SnRK2.9
?????? SnRK2??????????????????????????
?????Boudsocq et al., 2004?????????? II???????? III ?
??? SnRK2 ? ABA ???????????????????? I ???? 
SnRK2? ABA????????????????????????Boudsocq et 
al., 2004???????????????CIPK26??????? II??????
?? III SnRK2??????????????ABA????????????
????????????? 
SnRK2??????CIPK?????????????????CIPK26??
???? II??? III SnRK2??????????????????? 10?11??
???CIPK26?CIPK3?CIPK9??? CIPK23? SRK2D??????????
??????????? 14?15???????????????????? SnRK2
? CIPK????????????????????????????????
???? 
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? 2?	 CIPK26/3/9/23?????????????  
 
II-1. ??  
? 1 ??????SRK2D ?????????????????? CIPK3?
CIPK9??? CIPK23??????????????????????????
??????????CIPK3????????? ABA???????????
?????? (Kim et al., 2003)?CIPK9?? K+??????????????
??????Pandey et al., 2007??CIPK23/LKS1???????????? K+
???????AKT1????????????????K+???????K+
??????????Li et al., 2006?Xu et al., 2006??CIPK26????????
???????????? RbohF ????????????????????
???????Kimura et al., 2013?Drerup et al., 2013?????????????
? CIPK26?CIPK3?CIPK9??? CIPK23????CIPK26/3/9/23??????
???????????? 12B????????????? SRK2D ?????
?????????? 14????????????????????????
CIPK26?CIPK3?CIPK9??? CIPK23??????????????????
?????????????CIPK26?CIPK3?CIPK9???? CIPK23????
???????????????????????????????????
???????? 2 ??????????????????????????
?????? CIPK26?CIPK3?CIPK9??? CIPK23???????CIPK26/3/9/23
???????????????????????? 
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II-2. ??  
1. ???????? 
T-DNA??????????????Arabidopsis Biological Resource Center 
(ABRC)???????CIPK26???????? cipk26 (SALK_005859C; Col-0 
ecotype)?CIPK3???????? cipk3 (SALK_137779C; Col-0 ecotype)?CIPK9
???????? cipk9 (SALK_058629; Col-0 ecotype) ??? CIPK23????
???? cipk23 (SALK_032341; Col-0 ecotype) ???????????????
???????????????????????????????????
?Salk Institute Genomic Analysis Laboratory; http://signal.salk.edu??????
T-DNA?????? T-DNA left-border??????? 5??????????
???????????????????? T-DNA????? 5??????
????????????? DNA?????? PCR???????? 
????????????????????????? cipk???????
?cipk26?cipk3?cipk9??? cipk23?? GM????? 2?????????
????????? 2-3?????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????3????????
?????????? 2-3???????????????? F1??????
????GM??????????GM?????? 2???????????
?????????????????? DNA????? PCR??? T-DNA?
????????T-DNA?????????????????????F2??
???????F2???????????? cipk?????????????
??????????????????? cipk???????? cipk????
????? 
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2. RT-PCR 
2-1. ??????? RNA??? 
I-2-2-2.????????????? 
 
2-2.??? cDNA??? 
I-2-2-2-2.????????????? 
 
2-3. RT-PCR 
???? cDNA?????? PCR???????0.25 µL? PrimeSTAR® GXL 
DNA Polymerase (TaKaRa)?5 µL? 5×PrimeSTAR GXL Buffer?2 µL? 2.5 mM 
dNTP????0.5 µL? forward??????10 pmol/ uL??0.5 µL? reverse?
?????10 pmol/ uL??16.25 µL?MilliQ?????? PCR???????
?????? cDNA ??? 1µL ??????????98ºC?1 ??? [98ºC?
10???55ºC?15???68ºC?1? 30??]? 35??68ºC?2???????
???????????? 5????? 
 
3. ?? RT-PCR??????? 
I-2-2-2-3.????????????? 
 
4. ????????????? 
??? BNS (Conn et al., 2011b) [2 mM NH4NO3?3 mM KNO3?0.1 mM CaCl2?
2 mM KCl?2 mM Ca(NO3)2?2 mM MgSO4?0.6 mM KH2PO4?2 mM NaCl?50 µM 
NaFe(III)EDTA?50 µM H3BO3?5 µM MnCl2?10 µM ZnSO4?0.5 µM CuSO4?0.1 µM 
Na2MoO4?pH 5.6 (NaOH)]??????????????????????GM
????????? 2 ???????????????????60±10 µmol 
photons/m2/s?16??/?? 8???22ºC?????????????? 
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5. ???????? ABA????? 
1.2%? Bacto Agar????? GM????????????????? 4ºC
? 3??????????????????????????????60±10 µmol 
photons/m2/s?16 ??/?? 8 ???22ºC ???????? 4 ????????
??? 4???????? 10???? 50 µM (±) ABA (???????????
??)?? 1/2*MS?????1%?????????????????????
?????????60±10 µmol photons/m2/s?16??/?? 8???22ºC???
?????????????? 
 
6. ?????????? 
I-1-2-3.????????????? 
 
7. ?????? 
??????the Araponics system (Araponics)????????40±10 µmol 
photons/m2/s?16 ??/?? 8 ???22ºC ?????????????????
?????? 4ºC? 3???????????0.65% (w/v)? BA-10?????
?????????????????????? 2 ????????????
?? 24????????(i) ?????? CaCl2?????? low-calcium??
?LCS? Conn et al., 2011b?[2 mM NH4NO3?5 mM KNO3?2 mM MgSO4?0.6 mM 
KH2PO4?2 mM NaNO3?50 µM NaFe(III)EDTA?50 µM H3BO3?5 µM MnCl2?10 µM 
ZnSO4?0.5 µM CuSO4?0.1 µM Na2MoO4?pH 5.6 (NaOH)]?????(ii) ???
???MgCl2??? low-magnesium???LMgS?[2 mM NH4NO3?5 mM KNO3? 
0.1 CaCl2?2 mM CaSO4?0.6 mM KH2PO4?2 mM NaNO3?50 µM NaFe(III)EDTA?
50 µM H3BO3?5 µM MnCl2?10 µM ZnSO4?0.5 µM CuSO4?0.1 µM Na2MoO4?pH 
5.6 (NaOH)] ??????????????????????????????
??? 
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8. ICP-MS?????????? 
  ??????????????????-?????ICP-MS????????
? Kamiya et al. 2012 ?????????????????????????
MilliQ?? 2??????70ºC? 3???????????????????
???????????????????????????????????
????????????????????????????????????
ICP-MS?????SPQ9700?SII Nano Technology?????? 
 
9. CIPK26??????????????????? 
9-1. CIPK26?????????????? 
CIPK26 ?????????? DNA ??? PCR ????????SmaI ??
??? PCR??? pGH-35Spro? SmaI??????? pGH-35Spro:CIPK26??
??I-1-2-1.???????pGH-35Spro:CIPK26 ??????????????
???????? 
 
9-2. ??????????????Mg2+?????????????? 
1.2%? Bacto Agar????? GM????????????????? 4ºC
? 3??????????????????????????????60±10 µmol 
photons/m2/s)16??/?? 8???22ºC???????? 4?????????
?? 4 ?????????????? MgCl2?? 1/2*MS ?????1%???
??????1.2%? Bacto Agar?????????????????????
????(60±10 µmol photons/m2/s)16??/?? 8???22ºC?????????
?? 14???????????????????????????????? 
 
9-3. ??????????????? Ca2+?????????????? 
II-2-7.????????
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II-3. ??  
???????? SRK2D ??????????? CIPK26?CIPK3?CIPK9
??? CIPK23?????????????????????CIPK26?CIPK3?
CIPK9 ??? CIPK23 ???? T-DNA ????????????????
Arabidopsis Biological Resource Center (ABRC)????????????????
???????????? 16A??RT-PCR ????????????????
???????????? CIPK ????????????????????
???????? 16B??? cipk????????????? cipk??????
?????????????? cipk ?????????? CIPK ??????
? RT-PCR????????CIPK26?CIPK3??? CIPK9?????????
??????????????????????? 16B?????cipk23/9 ??
????cipk26/3/23?cipk26/9/23?cipk3/9/23 ???????? cipk26/3/9/23 ?
??????????????? CIPK23?????????????? 16B??
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????Tokunaga et al., 2012???? RT-PCR??????????????
??? CIPK23?????????????????????????????
CIPK23?????????????WT????? CIPK23??????? 5-21%
????????????? 16C???????????? CIPK23 ?????
???????????????? 
 
??????????????????? GM ?????????????
???????WT?????????????????? 17A???????
???????????????????????????????????
??????? 17B?????GM ????????????????????
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????????????????cipk26/3/9???????? cipk26/3/9/23?
??????????????????????? 18A???????????
???????????????????????????????????
???????????????????? 18B??????????????
?????????????????? 18C??????????? cipk???
?????????????????????????????cipk26/3/9??
?????? cipk26/3/9/23 ???????????????????????
?????? 18D?18E?18G???????????????????????
???????????????? 18F???? cipk????????????
???????????????????????????????????
??????????????????????????cipk26/3/9 ?????
??? cipk26/3/9/23 ??????????????????????????
??????? 18H?? 
cipk26/3/9/23????????? 35S???????????CIPK26???
???????????????????????????????????
????????? CIPK26 ??????????????????????
?? 19A-E??cipk26/3/9/23 ???????????????????????
CIPK26??????????????????????????? 
 
????? III SnRK2????????????? CIPK26/3/9/23?????
?????????????????cipk26/3/9 ???????? cipk26/3/9/23
?????????ABA????????????????????????
?? 20?21??????? III SnRK2? ABA???????????????
?????????????srk2d/e/i???????????????????
???? ABA????????????????? ABA????????Fujii 
et al., 2009?Fujita et al., 2009?Nakashima et al., 2009??10???? 50 µM ABA
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?????????????srk2d/e/i?cipk26/3/9???????? cipk26/3/9/23
??????????????????????? srk2d/e/i ????????
?? ABA???????????? 20A?20B?????cipk26/3/9?????
??? cipk26/3/9/23 ?????????????WT?????? ABA ???
?????? 20A?20B?????????CIPK26?CIPK3?CIPK9??? CIPK23
??ABA???????????????????????????????
?? 
srk2d/e/i????????????????????? ABA???????
???????????????????????????????????
??????????????????????Fujii et al., 2009?Fujita et al., 
2009???????srk2d/e/i?cipk26/3/9???????? cipk26/3/9/23????
?????????????????????????????????
srk2d/e/i?????????????????????????????? 21A??
???srk2d/e/i ?????????????????????????????
cipk26/3/9???????? cipk26/3/9/23?????????????????
???????????? 21A??????????????????????
?? III SnRK2 ???? AREB/ABF ??????????????????
RD29B ??? (Yoshida et al., 2010)?????cipk26/3/9 ????????
cipk26/3/9/23 ?????????????????????????????
???? 21B??????????????????????????? ABA
???????????????? RD29B????????????????
????? 21B?????????CIPK26?CIPK3?CIPK9??? CIPK23??
????? III SnRK2??? AREB/ABF?????????????????
?????”SnRK2-AREB/ABF ??”???????????????????
??????????????????????????CIPK26?CIPK3?CIPK9
??? CIPK23????????????????????? III SnRK2???
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???????????????????????????????????
?? 
 
???cipk26/3/9???????? cipk26/3/9/23?????????????
???????????? 18??cipk26/3/9???????? cipk26/3/9/23??
????????????????????????????????????
???????????????? H+/Ca2+???????? CAX1 ????
CAX3???????????????????? cax1/cax3????????
??????????Cheng et al., 2005??cax1/cax3????????????
Ca2+????????????????????? Ca2+????????????
??????? Ca2+???????????Mg2+?????????????
???????????????Cheng et al., 2005?Liu et al., 2011??cipk26/3/9
??????cipk26/3/9/23???????? cax1/cax3???????????
?????????cipk26/3/9???????? cipk26/3/9/23????????
???????????Ca2+-Mg2+????????????????????
???????????????????????? Ca2+??????Mg2+?
?????????????cipk26/3/9???????? cipk26/3/9/23????
?????????????? 22?23?? 
???????????????????? 2 mM CaCl2????? 22A??
??? 2 mM MgCl2????? 23A??????cipk26/3/9 ????????
cipk26/3/9/23??????????????????????????????
??????????????????????????? CaCl2????4?2?
0.2 ???? 0.1 mM???????????????????????? Ca2+
??????0.2 ???? 0.1 mM????? cipk26/3/9 ????????
cipk26/3/9/23 ??????????????????????? 22A?????
??? MgCl2????4?2?0.2 ???? 0.1 mM?????????????
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???????????Mg2+??????4 mM????? cipk26/3/9????
???? cipk26/3/9/23??????????????????????? 23A??
????????? Mg2+??????0.2 ???? 0.1 mM???????
cipk26/3/9???????? cipk26/3/9/23?????????????????
??????????? 23A???????????????????????
??????????????????? cipk26/3/9 ????????
cipk26/3/9/23 ????????????WT????????????????
???????????????????? 0.1 mM MgCl2?????????
??cipk26/3/9???????? cipk26/3/9/23???????????????
?????????? 23B??????????cipk26/3/9 ????????
cipk26/3/9/23 ???????????????? Mg2+???????????
?????????? 
??????????cipk26/3/9????????cipk26/3/9/23??????
???????????????????????????????????
??????-?????ICP-MS?????????????????Mg?Ca?
K??? Na????????????? 22C?23C??ICP-MS???????
????????????????????? ??????????????
??????????????ICP-MS ??????cipk26/3/9 ???????
? cipk26/3/9/23 ??????????????????????????
cipk26/3/9 ???????? cipk26/3/9/23 ?????? Ca ?????? Mg ?
?????????????????????????????????? 22C?
23C???????????? Na?????????????????????
??????? 22C?23C??????????????? K????????
??????????????????????? 22C?23C??cipk26/3/9??
?????? cipk26/3/9/23 ???????????????????????
???Mg2+??????0.2???? 0.1 mM?????????????? Ca
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??? Mg ??????????????????????????? 22C?
23C?? 
???????????????? 18?????????????????
???? cipk26/3/9???????? cipk26/3/9/23?????????????
????????????????Mg2+??? 2 mM?? 0.1 mM?????
????????????????????????? 24?? 
 
CIPK26 ??????????????? Mg2+?????????????
Ca2+?????????????????????????35S???????
???? CIPK26????????????????????????????
????Mg2+????????????? Ca2+??????????????
????? 25?26??CIPK26?????????? 2???????????
?????????? CIPK26??????????????????????
???????????????????????????? 25A??????
???MgCl2?20???? 25 mM MgCl2?????????????????
????????? 25B?????????????????? CIPK26 ???
??????????WT????????????????????????
???CIPK26????????????MgCl2??????????????
????????????????????????????? 25B?????
?????????????????25 mM MgCl2??????? CIPK26??
???????????????????????????????????
??????? 25C???????????????????? CaCl2???0.1 
mM CaCl2??????????????????? 26A???????????
?2 mM CaCl2??????? CIPK26?????????????WT????
???????????????????????CIPK26???????? 0.1 
mM CaCl2???????????????????????????????
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????? 26A??????????????????????0.1 mM CaCl2?
?????? CIPK26??????????????????????????
?????????????????? 26B?? 
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II-4. ??  
?????????????????????CIPK26/3/9/23???????
?????????????cipk26/3/9???????? cipk26/3/9/23????
???srk2d/e/i????????????????? ABA?????????
???? 20??????????????srk2d/e/i?????????????
???????????????????????? 21A??????? III 
SnRK2??????????????RD29B???????????????
?????????????????? 21B????????????????
? CIPK26/3/9/23??????????????????????? III SnRK2
????ABA?????????????????????????????
????????? 1 ? ? 3 ???????????CIPK26 ?????? II
???????? III SnRK2???? ABA????????????????
?????? CIPK26? SRK2D??????????????????????
cipk26/3/9???????? cipk26/3/9/23??????????????????
????????????????????????? 
???cipk26/3/9???????? cipk26/3/9/23?????????????
???? 18????????????????? cax1/cax3?????????
????????cipk26/3/9???????? cipk26/3/9/23?????????
?????? Mg2+????????????????????? 23A?23B??
?????????????? CIPK26/3/9/23 ???????? Mg2+????
?????????? Mg2+???????????????????????
????????????????????? 
cipk26/3/9???????? cipk26/3/9/23????????????????
?????????????????Mg??? Ca????????????
??? 22C?23C?????????cipk26/3/9???????? cipk26/3/9/23?
???????????????????????????????????
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????Mg2+?Ca2+?????????????????????? 
cipk26/3/9 ???????? cipk26/3/9/23 ???????????????
CIPK26 ????????????????????????????? Mg2+
???????????? Ca2+?????????????????????
????????????? 25?26???????????CIPK26 ?????
??????Mg2+???????????? Ca2+?????????????
???????????????????????????????????
?????????? 
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 77 
 78 
 79 
 80 
 81 
 82 
 83 
 84 
 85 
 86 
 87 
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 89 
? 3?	 SnRK2? CIPK26/3/9/23???????????????  
? 1? Mg2+?????????????? III SnRK2?????????
?? III SnRK2? CIPK26/3/9/23????????  
 
III-1-1. ??  
? 2 ??????CIPK26?CIPK3?CIPK9 ??? CIPK23 ????????
Mg2+?????????????????????????????????
?????? 22?23??????? III SnRK2? CIPK26??????????
????? 10?11???? SRK2D ? CIPK26?CIPK3?CIPK9 ??? CIPK23
?????????????????????? 14??????????? III 
SnRK2???????Mg2+???????????????????????
?????????????????????????? III SnRK2?????
????srk2d/e/i ???????????????? Mg2+?????????
????????? III SnRK2????????? 
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III-1-2. ??  
1. ??????????????Mg2+?????????????? 
II-2-9-2.????????????? 
 
2. ICP-MS?????????? 
II-2-8.????????????? 
 
3. ?????????????? K+?Na+???? Ca2+??????????
???? 
1.2%? Bacto Agar????? GM????????????????? 4ºC
? 3??????????????????????????????60±10 µmol 
photons/m2/s?16 ??/?? 8 ???22ºC ???????? 4 ????????
??? 4 ???????????????? KCl?NaCl ???? CaCl2???
?? 1/2*MS?????1%?????????1.2%? Bacto Agar??????
????????????????????60±10 µmol photons/m2/s?16??/
?? 8???22ºC??????????? 14???????????????
?????????????????? 
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III-1-3. ??  
srk2d/e/i ??????????????????????????????
????????????????????????????? srk2d/e/i???
????????? Mg2+???????????????? 27???????
???????????WT??srk2d/e/i?cipk26/3/9???????? cipk26/3/9/23
??????????????????????????????????
?? 27A?????? 22?23????????????????cipk26/3/9 ??
?????? cipk26/3/9/23???????????MgCl2?10???? 20 mM 
MgCl2???????????????????????? 27A???????
???????????20 mM MgCl2???????? srk2d/e/i??????
????????????? 27A??????????????????????
20 mM MgCl2?????? srk2d/e/i???????????????????
????????????????????? 27B?? 
???????????? 20 mM MgCl2 ???????????????
srk2d/e/i?cipk26/3/9 ???????? cipk26/3/9/23 ????????????
? Mg?Ca?K ??? Na ??? ICP-MS ??????????? 28?????
???????????????cipk26/3/9???????? cipk26/3/9/23??
????????srk2d/e/i?????????Mg??? K?????????
??????????????????? Na???????????????
????????Ca????????cipk26/3/9???????? cipk26/3/9/23
????????????????????? 28?? 
 
???srk2d/e/i?cipk26/3/9 ???????? cipk26/3/9/23 ????????
???? K+?Na+?Ca2+?????????????????????? 29??
????????????????????????srk2d/e/i????????
????Mg2+?????????????????? 29??cipk26/3/9????
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???? cipk26/3/9/23????????????? Mg2+??????????
Ca2+??????????????? 29?? 
 
?????????????????????Mg2+???????? cipk?
?????????????????????? 30A????????????
? Mg2+?????? cipk ???????????WT???????????
???cipk26/3/9 ???????? cipk26/3/9/23 ?????????cipk26/3 ?
?????cipk26/3/23?cipk26/9/23 ???????????? Mg2+?????
????????? 30A?? 
????? snrk2??????????????????????? 30B??
?????srk2d/e/i ?????????????????? Mg2+??????
????????? 30B??? snrk2???????????????????WT?
?????????????? 30B??srk2d/e/i????????? 35S???
???????? SRK2D????????????????????????
????Mg2+??????????????????? 31A?31B??????
???srk2d/e/i ?????????????? Mg2+????????????
??????? SRK2D?????????????????????????
?? 
 
???????? III SnRK2 ???(SRK2D/E/I)? CIPK26/3/9/23??????
??????????????????SRK2D/E/I? CIPK26/3/9/23?????
?????????srk2d/e/i/cipk26/3/9/23?????????? 27??????
??????????????? srk2d/e/i/cipk26/3/9/23???????????
?Mg2+????????????? 32???????10 mM MgCl2???20 mM 
MgCl2??????????srk2d/e/i/cipk26/3/9/23?????? cipk26/3/9/23?
?????????????????? 32A?32B?? 
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III-1-4. ??  
?????????? III SnRK2?????????srk2d/e/i???????
?????????? Mg2+???????????????????? III 
SnRK2????????????????? 
???????????????????????cipk26/3/9???????
? cipk26/3/9/23 ??????????srk2d/e/i ???????????? Mg2+
???20 mM MgCl2???????????????????????????
27A?27B??????????CIPK26/3/9/23 ?????????? III SnRK2
??????? Mg2+??????????????????????????
????????????? 
ICP-MS????????????Mg2+???20 mM MgCl2???????
???????????????????????????srk2d/e/i?cipk26/3/9
???????? cipk26/3/9/23 ?????????????????????
?Mg???K???????????? 28?????????srk2d/e/i?cipk26/3/9
???????? cipk26/3/9/23?????????????? Mg2+?????
?? Mg2+?K+????????????????????????cipk26/3/9
???????? cipk26/3/9/23?????????????? Mg2+?????
?????????????? Ca ???????????????? 28??
cipk26/3/9 ???????? cipk26/3/9/23 ??????? Mg2+?K+?????
?? Ca2+???????????????????????????????
?Mg2+????????cipk26/3/9???????? cipk26/3/9/23??????
? Na+?????????????? 23C?????????????????
?????????? Na+?????????????K+??????????
???? 28???????????????????????????????
???????????????????????????????????
?????????????????????????? Mg2+?????
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cipk26/3/9 ???????? cipk26/3/9/23 ????????? Mg ??? Ca ?
???????????????????????????????????
??? 23C?28???????????????????? Mg ??? Ca ??
???????????????cipk26/3/9???????? cipk26/3/9/23??
?????????????????? 
srk2d/e/i?????????????????????????????Mg2+
?????????????????cipk26/3/9 ???????? cipk26/3/9/23
????????????Mg2+????????????? Ca2+??????
????????????????????? 29?????????CIPK26/3/9/23
???????? Ca2+?????????????????????????
??????CIPK26/3/9/23????? Ca2+?????????????????
??????Ca2+??????? cipk26/3/9???????? cipk26/3/9/23??
???????????????????????????????????
?????? 
? cipk???????????????????????Mg2+??????
??????????? cipk ??????????????????????
????? 30A???????? Mg2+???????????????????
CIPK26?CIPK3?CIPK9???? CIPK23?????????????????
??????????Mg2+????????cipk3/9/23???????????
?????????????? cipk26/3 ?????????????????
30A????????4?? CIPK???????CIPK26??????????
Mg2+??????????????????????????????? 
? snrk2 ??????????????????????? Mg2+?????
???????????? snrk2?????????????????????
????????srk2d/e/i?????????????????????? 30B??
??????Mg2+???????????????????SRK2D?SRK2E?
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?? SRK2I ? 3 ????????????????????????
srk2d/e/i/cipk26/3/9/23???????10 mM MgCl2????? 20 mM MgCl2??
?????cipk26/3/9/23???????????????????? 32????
?????????? III SnRK2?????????????? CIPK26/3/9/23
????????????????? Mg2+????????????????
???????????? 
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1
 100 
 101 
 102 
? 3?  ? 2?	 Mg2+????????? ABA???  
 
III-2-1. ??  
? 3? ? 1??????????? III SnRK2?????????srk2d/e/i
???????????? Mg2+?????????????????????
27???????????? III SnRK2??????????????????
??????? Mg2+??????????????????????????
???????ABA???????????????? III SnRK2? ABA??
??????ABA????????????Boudsocq et al., 2004???????
?????? III SnRK2? AREB/ABF??????????????????
????????????????Kobayashi et al., 2005?Furihata et al., 2006?? 
?????????? III SnRK2???????? ABA?????????
???? III SnRK2????????AREB/ABF??????????????
ABA???????????????????Mg2+????????????
? ABA?????????????????? III SnRK2?????????
??????????? AREB/ABF??????AREB1?AREB2??? ABF3
????? areb1/areb2/abf3??????Yoshida et al., 2010?????????
???Mg2+???????????AREB/ABF??????????????
????????? 
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III-2-2. ??  
1. ??????????????Mg2+?????????????? 
II-2-9-2.????????????? 
 
2. ABA ????????????????? Mg2+????????????
?? 
1.2%? Bacto Agar????? GM????????????????? 4ºC
? 3??????????????????????????????60±10 µmol 
photons/m2/s?16 ??/?? 8 ???22ºC ???????? 4 ????????
??? 4?????????20 mM MgCl2???? 1 µM (±) ABA?? 1/2*MS
?????1%?????????1.2%? Bacto Agar????????????
??????????????60±10 µmol photons/m2/s?16??/?? 8???
22ºC??????????? 14?????????????????????
???????????? 
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III-2-3. ??  
ABA??????????? aba2-1????Léon-Kloosterziel et al., 1996??
?? nced3-2????Endo et al., 2008?Urano et al., 2009?????????aba2-1
???????????????????????????????????
?????????????????????SDR????????????
ABA2 ????????????????????????????????
ABA ?????????????? 20%???????????
?Léon-Kloosterziel et al., 1996?????aba2-1???????????????
????????????? ABA ?????????????
?Léon-Kloosterziel et al., 1996??nced3-2??????9’-cis-?????????
??? 9’- cis -?????????????????????????????
???????? 9’- cis -????????????????????????
? NCED3???????????????????????????????
??????? ABA??????????????????????????
???ABA??????????????????????????????
?Endo et al., 2008?Urano et al., 2009?? 
aba2-1?????? nced3-2?????????? Mg2+?????????
??????? 33??????MgCl2???20 mM MgCl2??????aba2-1?
??? srk2d/e/i??????????????????? 33A?????nced3-2
?????????WT????????????? 33A??????????
????????????????????????????? 33B?? 
???areb1/areb2/abf3????????????Mg2+??????????
?????? 33?????? MgCl2 ???20 mM MgCl2???????
areb1/areb2/abf3?????????????????????? 33A?????
?????????????????????????????????? 33B?? 
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???aba2-1???????????????Mg2+???????????
?? ABA ????????????????????????ABA ????
???? aba2-1???????????????Mg2+???????????
????????????? 34??20 mM MgCl2??? 1 µM ABA??????20 
mM MgCl2 + 1 µM ABA?????????? aba2-1??????ABA???
?? 20 mM MgCl2?????20 mM MgCl2+ EtOH?????????? aba2-1
??????????????????????? 34A?????srk2d/e/i ??
????? ABA ???????????????????????? 34A??
???????????????????????????? aba2-1????
???????????????? 34B???????aba2-1????????
??????? Mg2+?????????????????????? ABA ?
??????????????????? 
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III-2-4. ??  
ABA??????????? aba2-1?????????? Mg2+?????
?????????????????? ABA???????????????
??? 33?34??????????????????????????? Mg2+
???? ABA????????????????????????aba2-1??
????????nced3-2???????????Mg2+???????????
???????? 33??????????????????? NCED3????
??????? ABA ???????????? Mg2+???????????
?????????????????????????????9’- cis -???
????????????????????????? NCED3 ??????
??????????Tan et al., 2003? Frey et al., 2012????????Mg2+?
??????????????????? 9’- cis -?????????????
????????? ABA??????????????????? 
?????????????? ABA ???????? aba2-1 ??????
???????Mg2+?????????????????? 33???????
????? ABA ???????? Mg2+?????????????????
???????????????????????????? ABA?????
???????????????????????????????????
???????Tanaka et al., 2013??????????????? III SnRK2??
????????????????????????????????ABA??
???????????????????????????????????
??????? Mg2+??????????????????? ABA ????
?????????????????????????? Mg2+???????
???????????? ABA ???????????????? Mg2+??
?????????????????????????ABA?????????
?????????????? 
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????? III SnRK2 ????????????????????????
??? AREB/ABF??????????areb1/areb2/abf3??????????
??? Mg2+???????????????????????? 33?????
???????? III SnRK2??? AREB/ABF??????????????
????????“SnRK2-AREB/ABF??”?Fujita et al., 2011????????
? Mg2+????????????????????????????????? 
????????????????ABA2 ???????????? ABA
??”SnRK2-AREB/ABF ??”??????????????????????
? Mg2+????????????????????????????????
???????? 
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? 3?  ? 3?  SRK2D? CIPK26??????????????????
???????  
 
III-3-1. ??  
? 3? ? 1??????????? III SnRK2? CIPK26/3/9/23?????
????? Mg2+????????????????????????????
??????????? 23?27?????????? III SnRK2? CIPK26/3/9/23
???????????????? Mg2+?????????????????
??????? 32??????????????????? III SnRK2 ???
CIPK26/3/9/23????????Mg2+???????????????????
??????????????????????? 
???????? III SnRK2??? CIPK26/3/9/23????????????
??????????????????????????????????
CIPK26??? SRK2D?????????? SRK2D??? CIPK26?????
???????????????? 
???????? III SnRK2??? CIPK26/3/9/23? Ser/Thr???????
??????????????“????”??????????Mg2+????
??????????“?????”????????????????????
??????????????????????????? III SnRK2 ???
CIPK26/3/9/23??????????????????????? III SnRK2?
??? CIPK26/3/9/23 ???? Mg2+???????????????????
????????????????????????????????????
???????? ATP????V-ATPase??????? 
????????????????????????2??????????
??????? ATP ????V-ATPase????? H+-??????????
?V-PPase???????????????????????????????
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????????????????????????? V-ATPase ?????
???????? VHA-a ????????????? VHA-A2 ??? VHA-A3
??????????? vha-a2 vha-a3??????????cipk26/3/9????
???? cipk26/3/9/23 ?????????????????????????
????????????????????????????????Krebs et 
al., 2010??vha-a2 vha-a3???????????? V-ATPase????????
??????????? H+??????????????? pH ??????
??????; pH 5.9???????; pH 6.4?Krebs et al., 2010????????
????????????????????? Mg2+??????? cipk26/3/9
???????? cipk26/3/9/23 ?????????????????????
???????? V-ATPase????????????????????????
??????Mg2+??????? vha-a2 vha-a3??????????????
???? V-ATPase ???????????? Mg2+????????????
??????? 
???????? III SnRK2???? CIPK26/3/9/23???????????
?????????????????????????? SRK2D ????
CIPK26????????????????????????????????? 
Mitochondrial RNA splicing (MRS)?????????Mg2+????????
?????????????????????Mg2+?????????Mg2+?
??????????????????????Kolisek et al., 2003?Pisat et al., 
2009?Conn et al., 2011a?Lenz et al., 2013??????????????????
????MRS2-1/MGT2?????MRS2-5/MGT3?????????????
Mg2+??????????? Mg2+???????????????????
?Conn et al., 2011a???????MRS?????????Mg2+???????
?? CIPK26???? SRK2D?????????????????? 
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III-3-2. ??  
1. ??????????????????????????? 
1-1. pGEX-4T-2-CIPK26?CIPK26K42N?MRS2-5??? pMALc2X-SRK2D?SRK2D 
K52N??? 
CIPK26-K42N-Rev??? CIPK26-K42N-For????????? 5?????
Inverse PCR ????CIPK26 ?????????????????????
CIPK26K42N????????Inverse PCR????????????? Imai et al., 
1991????????CIPK26??? CIPK26K42N?????????? DNA?
?? PCR????????SmaI????? PCR??? pGEX-4T-2?GE???
????????? SmaI??????? pGEX-4T-2-CIPK26?CIPK26K42N??
??MRS2-5? N?????????????? PCR????????SmaI?
???? PCR??? pGEX-4T-2? SmaI??????? pGEX-4T-2-MRS2-5?
??? 
SRK2D-K52N-Rev??? SRK2D-K52N-For????????? 5?????
Inverse PCR ????SRK2D ?????????????????????
SRK2DK52N????????SRK2D???SRK2DK52N??????????DNA
??? PCR????????SalI??? PstI????? PCR??? pMALc2x
?????New England Biolabs?? SalI-PstI??????? pMALc2X-SRK2D?
SRK2D K52N???? 
 
1-2. GST???????MBP???????????????? 
pGEX-4T-2 ??????????????????? pMALc2X ?????
????????????? Escherichia coli BL21-Gold ?  (DE3; Agilent 
Technologies)???????????????200 mg/L???????????
???? LB ????????????????? 37ºC ?????????
2×YT???? [16 g/L Bacto Tryptone (BD Biosciences)?10 g/L Bacto Yeast extract 
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(BD Biosciences)?5 g/L????????pH 7.0 (NaOH)?200 mg/L ?????
????????????]???? OD600 = 1.0??????????????
? 0.1 mM?????? Isopropyl ?-D-1-thiogalactopyranoside?IPTG?????
??16ºC ???????????glutathione S-transferase?GST???????
????????????????????????????glutathione 
sepharose 4B?GE??????????????? GST??????????
????????????????????? GST????????????
????????????maltose-binding protein ?MBP??????????
?????????????????????????amylose resin?New 
England Biolabs?????MBP?????????????????????
??????????MBP???????????????????????? 
 
1-3. ?????????? 
????????????? buffer [50 mM Tris-HCl (pH7.5)?100 mM NaCl?5 
mM MnSO4?0.5 mM CaCl2?2 mM DTT?10 µM ATP?10 µCi [?-32P]ATP] ??
? 15 µL ???????????????????????????????
??????????????? 30ºC? 60???????5 µL? 4×SDS-PAGE 
?????????[200 mM Tris-HCl (pH6.8)?8 mM EDTA?4% (w/v) SDS?0.2% 
(w/v) ????????????20% (v/v) 2-???????????40% (v/v) ?
?????]???? 95ºC? 3??????????????????????
????????????? SDS-PAGE ?????????????????
????????(BAS-MS???????)? 1??????????????
?????????????FLA-5000??????????????????
???????????????????????????????????
?? Coomassie Brilliant Blue?CBB???????????? 
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2. vha2 vha-a3???????? 
II-2-1.?????????????VHA-A2 ???????? vha-a2 
(SALK_142642C; Col-0 ecotype) ? VHA-A3???????? vha-a3 (CS859757; 
Col-0 ecotype) ????????????vha2 vha-a3????????????
???? T-DNA ????? 5 ??????????????????? DNA
?????? PCR???????? 
 
3. ??????????????Mg2+?????????????? 
II-2-9-2.????????????? 
 
4. ?????????????? Zn2+?????????????? 
1.2%? Bacto Agar????? GM????????????????? 4ºC
? 3??????????????????????????????60±10 µmol 
photons/m2/s?16 ??/?? 8 ???22ºC ???????? 4 ????????
150 µM ZnCl2?? 1/10*MS?????0.5%?????????1.2%? Bacto Agar
???????? 4 ??????????????????????????
??(60±10 µmol photons/m2/s)16??/?? 8???22ºC???????????
14????????????????????????????????? 
 
5. ???????????????????????? 
5-1. MRS2-1?MRS2-3?MRS2-5 ???? MRS2-7 ? N ?????? pGBKT7
????????????????? 
MRS2-1?MRS2-3?MRS2-5 ???? MRS2-7 ? N ???????????
??? PCR????????SmaI????? PCR??? pGBKT7?????
??? BamHI ????????pGBKT7-MRS2-1?MRS2-3?MRS2-5?MRS2-7
???? 
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5-2. ?????????????? 
I-1-2-9-2.????????????? 
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III-3-3. ?? 
SRK2D? CIPK26??????????????????????????
?????????????? SRK2D ? CIPK26 ???????????
CIPK26? SRK2D???????????????????????? 35?36??
?????????????MBP??? SRK2D?????????SRK2D-MBP?
????????? S-??????????GST??? CIPK26 ??????
???CIPK26-GST???????????????????????????
???????????????????Myelin basic protein????????
?????????????? 35???? 1?3?6??? 8??SRK2D-MBP?
?? CIPK26-GST?????????????SRK2D? CIPK26??????
???????????????????????????????????
?? SRK2D-MBP??? CIPK26-GST????????CIPK26? 42????
??????? SRK2D ? 52 ??????????????????????
??????????????????????????????????
?Hanks et al., 1988???????CIPK26? 42??????????????
??????????????????CIPK26K42N-GST?????? SRK2D ?
52 ???????????????????????????????
?SRK2DK52N-MBP???????????????????????????
???????????????????????????????????
??????????? 35???? 2?4?7??? 9??????CIPK26K42N-GST 
???? SRK2DK52N-MBP????????????????????????
36?? 
?????SRK2D-MBP??? CIPK26K42N-GST?????????????
???????? 36???? 3?????CIPK26-GST ??? SRK2DK52N-MBP
????????????????? 36???? 6?? 
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vha-a2 vha-a3????????????????Mg2+??????????
?????? 37??20 mM MgCl2????????srk2d/e/i ????????
cipk26/3/9/23 ??????????? 27?????????????????
vha-a2 vha-a3??????????????????????? 37A?????
??????????????????????20 mM MgCl2????????
vha-a2 vha-a3???????????WT??????????????????
37B?? 
vha-a2 vha-a3????????????????????????????
???????? Zn2+?????????????????????????
???? ZnCl2???????????????????Krebs et al., 2010??150 
µM ZnCl2???????????????WT??srk2d/e/i??????cipk26/3/9/23
???????? vha-a2 vha-a3???????????????vha-a2 vha-a3
??????????????????? 38A??????????srk2d/e/i ?
??????? cipk26/3/9/23?????? 150 µM ZnCl2??????????
????????? 38A?????????????????????????
????????????????? 38B?? 
 
???????????????MRS?????????Mg2+??????
??? CIPK26???? SRK2D?????????????????????
?? 39??????????MRS?????????Mg2+??????????
?? C ????? 2 ???????????N ??????????????
?????????Gebert et al., 2009?????????????MRS2-1?
MRS2-3/MGT4?MRS2-5???MRS2-7/MGT7? N???????CIPK26??
???????????????????????? 39?????MRS2-1?
MRS2-3/MGT4?MRS2-5 ??? MRS2-7/MGT7 ? N ?????? SRK2D ??
????????????????????????? 39?? 
 118 
???????????????????MSR2-5? N?????? CIPK26
???? SRK2D?????????????????????? 40?????
??CIPK26-GST? GST??MRS2-5 N??????MRS2-5 Nter-GST????
??????MRS2-5 Nter-GST????????????? 40???? 6???
??SRK2D-MBP ? MRS2-5 Nter-GST ????????????? MRS2-5 
Nter-GST????????????????? 40???? 8?? 
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III-3-4. ??  
????????????????CIPK26K42N-GST? SRK2D-MBP????
?????????????? SRK2DK52N-MBP? CIPK26-GST???????
????????????? 36?????????CIPK26 ? SRK2D ????
??????????? SRK2D? CIPK26?????????????????
?????????? SRK2D ? CIPK26?????????????????
????????CIPK26 ??? SRK2D ?????????????????
????????????????? 
??????Mg2+???????vha-a2 vha-a3?????????????
?????????? 37?????????????? V-ATPase??????
??????????? Mg2+??????????????????????
?????????srk2d/e/i?cipk26/3/9 ???????? cipk26/3/9/23 ???
??????????????Mg2+??????????????? V-ATPase
???????????????????????????????????
??????????????????????srk2d/e/i ????????
cipk26/3/9/23?????? 150 µM ZnCl2?????????????????
??????????? 38?????????????????? V-ATPase
???????????????????? 
??????cipk26/3/9???????? cipk26/3/9/23??????????
?????????????? 18C?18F???cax1/cax3 ?????? vha-a2 
vha-a2 ????????????????????????????????
????????? Mg2+?????cipk26/3/9 ???????? cipk26/3/9/23
??????????????? 27??????vha-a2 vha-a3???????
????????????????? 37?????cax1/cax3 ????????
???? Mg2+??????????????????????Cheng et al., 
2005????????????????Mg2+???? cipk26/3/9???????
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? cipk26/3/9/23????????????cax1/cax3?????? vha-a2 vha-a3
??????????????????????cax1/cax3?????? vha-a2 
vha-a2??????????????????????? Ca????????
????????Cheng et al., 2005?Krebs et al., 2010?????????????
?????????cipk26/3/9???????? cipk26/3/9/23????????
??????????? Ca ???????????????? 23C?28???
??????????? cipk26/3/9???????? cipk26/3/9/23??????
???????????????Ca????????????????????
??????cipk26/3/9???????? cipk26/3/9/23???????????
??????Ca????????????????? 
MRS ????????? Mg2+??????????? MRS2-5 ? N ???
?????????? CIPK26???????????? 39?????????
???????? CIPK26 ????????????? 40?????????
MRS2-5 ? CIPK26 ???????????????????????????
???MRS2-5? CIPK26????????????????????????
????MRS2-5? CIPK26???????????????????????
MRS2-5? CIPK26???????????????????????????? 
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? 3?  ? 4?  ????  
aba2-1?????? srk2d/e/i????????????Mg2+???????
???????????? 33???????? III SnRK2? ABA??????
??????????????????Fujii and Zhu, 2009?Fujita et al., 2009?
Nakashima et al., 2009????????ABA?????? III SnRK2?????
????????????????? Mg2+????????????????
???????????????????ABA2??? SRK2D/E/I??????
????????aba2-1/srk2d/e/i ??????? Mg2+???????????
?????ABA ?????????? Mg2+?????????????? III 
SnRK2?????????????????????????????? 
ABA????????? III SnRK2????????????AREB/ABF?
?????????areb1/areb2/abf3???????Mg2+??????????
????????? 33??????ABA ?????????????????
??? SRK2E/OST1?????srk2e??????Mg2+???????????
???????? 30B????????? III SnRK2????????????
????????????????????????????????Mg2+?
????????????????????????????? III SnRK2??
?? Mg2+???????????????????????????????
???????????????????????????????????
?????? III SnRK2???? ABA????????????????Fujita 
et al., 2009????????Mg2+?????????????????????
???????????????????????????????????
??? Mg2+??????????????????????????????
??????????????????? Mg2+??????????????
????? 
?????? Mg2+???????srk2d/e/i?cipk26/3/9 ????????
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cipk26/3/9/23??????????????????????????????
???????????Mg???????????????? 27?28????
???????????????????? Mg2+?????????????
????????????????????????????????? Mg2+
?????????????????????? 
??????Mg2+?????????????Mg???????????
?? 28?????????????????????????????????
??? Mg2+?????????????????????????????
Mg2+???????????? Mg2+???????????????????
??????? Mg2+??????????????????????????
?????80 mM ????? Mg2+?????????????Conn et al., 
2011a??????????????? Mg2+????????????????
??????????????????????? 28???????????
?????????????? srk2d/e/i? cipk26/3/9 ????????
cipk26/3/9/23 ????????????????? Mg2+??????????
????????????????? Mg2+????????????????
????????????? 
????? V-ATPase??????????????vha-a2 vha-a3????
????????? Mg2+????????????????????????
?? 37??srk2d/e/i?cipk26/3/9???????? cipk26/3/9/23????????
????????? Mg2+??????????????? V-ATPase ????
???????????????????????????????????
??????????????????????????MRS2-5? CIPK26?
???????????????? 40???????????????MRS2-5
????? CIPK26???????????????????????????
???CIPK26?????????MRS2-5????????????????
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??????????srk2d/e/i?cipk26/3/9 ???????? cipk26/3/9/23 ??
???????????????????????Mg2+???????????
????????????? Mg2+????????????????????
??????????? 
????????????????SRK2DK52N-MBP? CIPK26-GST????
????????? 36?????????????CIPK26 ? SRK2D ????
???????????????????????????SRK2D?????
?????????? Mg2+???????????????????????
????????????????Mg2+?????srk2d/e/i/cipk26/3/9/23???
??? cipk26/3/9/23 ????????????????????? 32????
????????????cipk26/3/9/23????????????? SRK2D/E/I
???????????????? Mg2+?????????????????
???????????????? Mg2+?????????????????
??????? III SnRK2?????CIPK26/3/9/23????????????
???????CIPK26 ??? SRK2D ??????????????????
????????????? SRK2D ??????????????????
CIPK26? SRK2D????????????????????????? 
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? 4?   ????????  
???????????????????????Mg2+???DNA?RNA?
?? ATP???????????????????????????????
??????????????Mg2+???????????????????
???????????????????????????????? Mg2+?
????????????????????????????? Mg2+????
????????????????????MRS?????????Mg2+??
????????????? Mg2+????????????????????
?????????????????????Gebert et al., 2009?Lenz et al., 
2013??????????????????????????????????
?????????????????? Mg2+???????????????
????????????????????? 
???????2 ??????????????????????????
??? III SnRK2?SRK2D/E/I?? CIPK26/3/9/23 ?????????????
Mg2+??????????????????????????????????
????? III SnRK2??????????????????????????
? ABA????????????????????????? III SnRK2??
????????????Mustilli et al., 2002?Kobayashi et al., 2005?Fujii and Zhu, 
2009?Fujita et al., 2009?Nakashima et al., 2009?????CIPK26/3/9/23????
????????? CIPK?????????????????????Kim et 
al., 2003?Li et al., 2006?Xu et al., 2006?Cheong et al., 2007?Pandey et al., 2007?
Drerup et al., 2013?Kimura et al., 2013?Lyzenga et al., 2013??????????
???? III SnRK2??? CIPK26/3/9/23?????????????????
????????????????????????? Mg2+????????
????????????????????????????????cipk26/3/9
???????? cipk26/3/9/23??????????????????? Mg2+
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?????????????????? 23A??CIPK26/3/9/23????????
???????? Mg2+?????????????????????????
??????? 
???NADPH????????????? RBOHF??SRK2E/OST1???
? CIPK26????????????????????(Sirichandra et al., 2009?
Drerup et al., 2013?Kimura et al., 2013)???????SRK2E/OST1??????
?? RBOHF????????????????????CIPK26??HEK293T 
??????CBL1???CBL9?????RBOHF????????????
???????Drerup et al., 2013?????????????????????
?????? SRK2D ???? SRK2E/OST1 ? CIPK26 ??????????
?? 8?11????????????? III SnRK2??? CIPK26??Mg2+??
???????????????????????????????????
??????????????????????? 41???????? Ser/Thr
???????????? mammalian Target of Rapamycin (mTOR)??????
???????????”mTORC1”?”mTROC2”??????????????
?????????????????Bracho-Valdés et al., 2011????????
????????????? III SnRK2??????????????????
???????????? SnRK2 ?????????????CIPK26/3/9/23
?”SnRK2-CIPK”????????????????????Mg2+??????
???????????????????????????? 
???MRS2-5 ? SRK2D ?????????CIPK26 ??????????
?? 40????????CIPK26 ??”SnRK2-CIPK”????????????
????????SRK2D??????????????????Mg2+????
????????????????????? 41??????? III SnRK2??
??????? CIPK26 ????????????????????????
Mg2+??????? cipk26/3/9 ???????? cipk26/3/9/23 ??????
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srk2d/e/i ?????????????????????? 27????????
?????? 
CIPK26?????????????????????????????Mg2+
???????????? Ca2+?????????????????????
????????????? 25?26???????? Mg2+??????? Ca2+
???????????? Ca:Mg ????????????????????
???????????????????????????????????
???CIPK26?????????????????????????????
??? 12B????????????????????? CIPK26??????
?????????????????????? Mg2+?????????
CIPK26????????????????????????????????
??????????????????????Mg ???? Ca ??????
???????????????????????????? 
???????2 ??????????????????????????
??? III SnRK2??? CIPK26/3/9/23????????Mg2+????????
???????????????????????????????????
???????????????????????????????????
??????? Mg2+??????????????????????????
?????????????????????????????? Mg2+???
???? Mg2+?????????????????????????????
????????????????? Mg2+????????????????
????????????? 
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 ?  5. ??????????????????  
??? /???  AGI???  ????????  ??  
    
pGBKT7?????????????????????  
SRK2D At3g50500 SRK2DFL-EcoRV-F 5'-AAAGATATCATGGATCCGGCGACTAATTC-3' 
  SRK2DFLns-EcoRV-R 5'-AAAGATATCGAGAGCATAAACTATCTCTCC-3' 
SRK2D∆II At3g50500 SRK2DFL-EcoRV-F 5'-AAAGATATCATGGATCCGGCGACTAATTC-3' 
  SRK2D∆II-EcoRV-R 5'-AAAGATATCCGGAATCGTAGCCTCCG-3' 
SRK2D∆I At3g50500 SRK2D_?I_F1 5'-ACTGTTCGTAATCGTTGCCTC-3' 
  SRK2D_?I_R1 5'-GATCCTCGATATTAGATGGCG-3' 
SRK2D∆I, II At3g50500 SRK2DFL-EcoRV-F 5'-AAAGATATCATGGATCCGGCGACTAATTC-3' 
  SRK2D∆I,II-EcoRV-R 5'-AAGATATCTGGTAGATTCTTCAAGAACC-3' 
SRK2D_RD At3g50500 2D_domain I-EcoRV-F 5'-AAGATATCGGTGATTTGATGGATGAGAAC-3' 
  SRK2DFLns-EcoRV-R 5'-AAAGATATCGAGAGCATAAACTATCTCTCC-3' 
SRK2D_domain I At3g50500 2D_domain I-EcoRV-F 5'-AAGATATCGGTGATTTGATGGATGAGAAC-3' 
  2D_domain I-EcoRV-R 5'-AAGATATCCGGAATCGTAGCCTCCGATA-3' 
SRK2D_domain II At3g50500 2D_domain II-EcoRV-F 5'-AAGATATCACTGTTCGTAATCGTTGCC-3' 
  SRK2DFLns-EcoRV-R 5'-AAAGATATCGAGAGCATAAACTATCTCTCC-3' 
SRK2E At4g33950 SRK2EFL-SmaI-F 5'-TCCCCCGGGATGGATCGACCAGCAGTGAG-3' 
  SRK2EFLns-SmaI-R 5'-TCCCCCGGGCATTGCGTACACAATCTCTCC-3' 
SRK2I At5g66880 2I/bK7/Eco/n 5'-GGGGAATTCATGGATCGAGCTCCGGTG-3' 
  2I/bK7/Pst/c 5'-GGGGGCTGCAGGTTAGAGAGCGTAAACTATC-3' 
SRK2C At1g78290 SRK2CFL-SmaI-F 5'-CCCCCGGGATGGAGAGGTACGAAATAGTG-3' 
  SRK2CFLns-SmaI-R 5'-CCCCCGGGCAAAGGGGAAAGGAGATCAG-3' 
SRK2F At4g40010 2F/bK7/Eco/n 5'-GGGGAATTCATGGAGAGATACGACATC--3' 
  2F/bK7/Pst/c 5'-GGGGGCTGCAGGTCATAGAGCACATACGAAATC-3' 
SRK2A At1g10940 SRK2A,BFL-SmaI-F 5'-CCCCCGGGATGGACAAGTACGAGCT-3' 
  SRK2AFLns-SmaI-R 5'-CCCCCGGGACTTATTCTCACTTCTCCACTTG-3' 
SRK2B At1g60940 SRK2A,BFL-SmaI-F 5'-CCCCCGGGATGGACAAGTACGAGCT-3' 
  SRK2BFLns-SmaI-R 5'-CCCCCGGGACTGACTCGGACTTCTCC-3' 
SRK2G At5g08590 SRK2GFL-SmaI-F 5'-CCCCCGGGATGGACAAGTATGACGTTGTC-3' 
  SRK2GFLns- SmaI-R 5'-CCCCCGGGAGCTTTGTCAGACTCTTGAC-3' 
SRK2H At5g63650 SRK2HFL-SmaI-F 5'-CCCCCGGGATGGACAAGTATGAGGTTGTG-3' 
  SRK2HFLns- SmaI-R 5'-CCCCCGGGAGCTTTGGGAGGCTCTTGAC-3' 
SRK2J/SnRK2.9 At2g23030 SRK2JFL-SmaI-F 5'-CCCCCGGGATGGAGAAGTATGAGATGGTG-3' 
  SRK2JFLns- SmaI-R 5'-CCCCCGGGTGCGTAATCATCATACCATTCTTC-3' 
MRS2-1_N-terminal region At1g16010 2-1Nter-SmaI-F 5'-CCCCCGGGATGTCTGAGCTAAAAGAGCGC-3' 
  2-1Nter-SmaI-R 5'-CCCCCGGGCAACTCGAACTGGATCAGCTG-3' 
MRS2-3_N-terminal region At3g19640 2-3Nter-SmaI-F 5'-CCCCCGGGATGAGAGGAGCTAGACCCG-3' 
  2-3Nter-SmaI-R 5'-CCCCCGGGTGTTAGCATCACACCCATCTG-3' 
MRS2-5_N-terminal region At2g03620 2-5Nter-SmaI-F 5'-CCCCCGGGATGGGAGAACAACTAGATCC-3' 
  2-5Nter-SmaI-R 5'-CCCCCGGGCAGTTGAAACTGAATCAACTGATTC-3' 
MRS2-7_N-terminal region At5g09690 2-7Nter-SmaI-F 5'-CCCCCGGGATGGCATTGGGTTTAAGCAGTG-3' 
  2-7Nter-SmaI-R 5'-CCCCCGGGTAACATTAGCTCTAACTGAATCAGC-3' 
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pGADT7?????????????????????  
CIPK26 At5g21326 26FL-SmaI-F 5'-TCCCCCGGGATGAATCGGCCAAAGGTTCAG-3' 
  26FLns-SmaI-R 5'-TCCCCCGGGTTTGCTTAGACCAGAGCTCTC-3' 
CIPK3 At2g26980 3.2FL-SmaI-F 5'-CCCCCGGGATGAATCGGAGACAGCAAGTG-3' 
  3FLst-SmaI-R 5'-CCCCCGGGTCACTTTGCTGTTTCTTTCTTAAC-3' 
CIPK9 At1g01140 9FL-SmaI-F 5'-CCCCCGGGATGAGTGGAAGCAGAAGG-3' 
  9FLns-SmaI-R 5'-CCCCCGGGTTGCTTTTGTTCTTCAGCGG-3' 
CIPK23 At1g30270 23FL-SmaI-F 5'-CCCCCGGGATGGCTTCTCGAACAACGCC-3' 
  23FLns-SmaI-R 5'-CCCCCGGGTGTCGACTGTTTTGCAATTGTC-3' 
CIPK24 At5g35410 24FL-SmaI-F 5'-CCCCCGGGATGACAAAGAAAATGAGAAGAG-3' 
  24FLns-SmaI-R 5'-CCCCCGGGAAACGTGATTGTTCTGAGAATC-3' 
ABI1 At4g26080 ABI1FL-SmaI-F 5'-CCCCCGGGATGGAGGAAGTATCTCCG-3' 
  ABI1FLns-SmaI-R 5'-CCCCCGGGGTTCAAGGGTTTGCTCTTGAG-3' 
TSN2 At5g61780 TSN2FL-SmaI-F 5'-CCCCCGGGATGGCGACTGGGGCAGCAAC-3' 
  TSN2FLns-SmaI-R 5'-CCCCCGGGCCCGCGACCCGGTTTCCTG-3' 
ACLB-1 At3g06650 ACLB-1FL-EcoRV-F 5'-AAGATATCATGGCTACGGGACAGCTATT-3' 
  ACLB-1FLns-EcoRV-R 5'-AAGATATCCTTGGTGTACAAGACATCTTC-3' 
SRK2D At3g50500 SRK2DFL-EcoRV-F 5'-AAAGATATCATGGATCCGGCGACTAATTC-3' 
  SRK2DFLns-EcoRV-R 5'-AAAGATATCGAGAGCATAAACTATCTCTCC-3' 
    
pGH-CIPK26pro:GUS???pGH-CIPK26pro:sGFP-CIPK26???????????????????????  
CIPK26 At5g21326 26pro_2033bp-SmaI-F 5'-CCCCCGGGAAGAGAGAGAGCCCAACAAC-3' 
  26pro_2033bp-SmaI-R 5'-CCCCCGGGCACTCCGAATGTTCACCTCTTG-3' 
    
pGH-35Spro:mCherry?pGH-35Spro???pGH-35Spro:4×Myc????????????????  
CaMV 35S promoter - 35Spro-KpnI-F 5'-GGGGTACCCCCAGATTAGCCTTTTCAATTTC-3' 
  35Spro-KpnI-R 5'-GGGGTACCCGTGTTCTCTCCAAATG-3' 
mCherry - mCherry-BamHI-F 5'-AAAGGATCCATGGTGAGCAAGGGCG-3' 
  mCherry-+3'EcoRV-R 5'-TTAGATATCCTTGTACAGCTCGTCCATG-3' 
4×Myc - PstI-ATG-4×Myc-F1 5'-AACTGCAGATGGGGTTAATTAACGGTGAAC-3' 
  PstI-4×Myc-R1 5'-AACTGCAGGCTACCGTTCAAGTCTTCC-3' 
    
pGH-CIPK26pro:sGFP-CIPK26?pGH-35Spro:4×Myc-CIPK26???pGH-35Spro:CIPK26???????????????????????  
CIPK26 At5g21326 26FL-SmaI-F 5'-TCCCCCGGGATGAATCGGCCAAAGGTTCAG-3' 
  26FLst-SmaI-R 5'-CCCCCGGGTTATTTGCTTAGACCAGAGCTC-3' 
    
pGH-35Spro:SRK2D-mCherry???????????????????????  
SRK2D At3g50500 SRK2DFL-EcoRV-F 5'-AAAGATATCATGGATCCGGCGACTAATTC-3' 
  SRK2DFLns-EcoRV-R 5'-AAAGATATCGAGAGCATAAACTATCTCTCC-3' 
    
BiFC?????????????????????????  
SRK2D At3g50500 SRK2DFL-EcoRV-F 5'-AAAGATATCATGGATCCGGCGACTAATTC-3' 
  SRK2DFLns-EcoRV-R 5'-AAAGATATCGAGAGCATAAACTATCTCTCC-3' 
SRK2E At4g33950 SRK2EFL-SmaI-F 5'-TCCCCCGGGATGGATCGACCAGCAGTGAG-3' 
  SRK2EFLns-SmaI-R 5'-TCCCCCGGGCATTGCGTACACAATCTCTCC-3' 
SRK2C At1g78290 SRK2CFL-SmaI-F 5'-CCCCCGGGATGGAGAGGTACGAAATAGTG-3' 
  SRK2CFLns-SmaI-R 5'-CCCCCGGGCAAAGGGGAAAGGAGATCAG-3' 
CIPK26 At5g21326 26FL-SmaI-F 5'-TCCCCCGGGATGAATCGGCCAAAGGTTCAG-3' 
  26FLns-SmaI-R 5'-TCCCCCGGGTTTGCTTAGACCAGAGCTCTC-3' 
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CIPK3 At2g26980 3.2FL-SmaI-F 5'-CCCCCGGGATGAATCGGAGACAGCAAGTG-3' 
  3FLns-SmaI-F 5'-CCCCCGGGCTTTGCTGTTTCTTTCTTAAC-3' 
CIPK9 At1g01140 9FL-SmaI-F 5'-CCCCCGGGATGAGTGGAAGCAGAAGG-3' 
  9FLns-SmaI-R 5'-CCCCCGGGTTGCTTTTGTTCTTCAGCGG-3' 
CIPK23 At1g30270 23FL-SmaI-F 5'-CCCCCGGGATGGCTTCTCGAACAACGCC-3' 
  23FLns-SmaI-R 5'-CCCCCGGGTGTCGACTGTTTTGCAATTGTC-3' 
CIPK24 At5g35410 24FL-SmaI-F 5'-CCCCCGGGATGACAAAGAAAATGAGAAGAG-3' 
  24FLns-SmaI-R 5'-CCCCCGGGAAACGTGATTGTTCTGAGAATC-3' 
    
pGEX-4T-2?????????????????????  
CIPK26 At5g21326 26FL-SmaI-F 5'-TCCCCCGGGATGAATCGGCCAAAGGTTCAG-3' 
  26FLst-SmaI-R 5'-CCCCCGGGTTATTTGCTTAGACCAGAGCTC-3' 
CIPK26K42N At5g21326 CIPK26-K42N-For 5'-CTCAACATACTTGATAAGGAGAAGG-3' 
  CIPK26-K42N-Rev 5'-AGCCACGCGTTCTCCTGTC-3' 
MRS2-5_N-terminal region At2g03620 2-5Nter-SmaI-F 5'-CCCCCGGGATGGGAGAACAACTAGATCC-3' 
  2-5Nter-SmaI-R 5'-CCCCCGGGCAGTTGAAACTGAATCAACTGATTC-3' 
    
pMALc2x?????????????????????  
SRK2D At3g50500 SRK2DFL-SalI-F 5'-AAAGTCGACATGGATCCGGCGACTAATTC-3' 
  SRK2DFLst-PstI-R 5'-AAACTGCAGTCAGAGAGCATAAACTATCTCTCC-3' 
SRK2DK52N At3g50500 SRK2D-K52N-For 5'-GTTAACTACATCGAGAGAGGAG-3' 
  SRK2D-K52N-Rev 5'-AGCAACAAGCTCCTTGGTG-3' 
    T-DNA??????????????   
CIPK26 At5g21326 cipk26-1_LP 5'-GCGTGGCTCTCAAAATACTTG-3' 
  cipk26-1_RP 5'-CAGGAGCAGCATAGTTTGGAG-3' 
CIPK3 At2g26980 cipk3-1_LP 5'-ATCATCCACACAAAGTAGCCG-3' 
  cipk3-1_RP 5'-TTTTTGGCAAAAATCAACCAC-3' 
CIPK9 At1g01140 cipk9-1_LP 5'-ATTAGGGACCCACATGTCCTC-3' 
  cipk9-1_RP 5'-CCATCTTCCTGCATTCAAAAG-3' 
CIPK23 At1g30270 cipk23-1_LP 5'-GAGGCTTTTATACAGCCACCC-3' 
  cipk23-1_RP 5'-ATTTGTGGTCCCTGGCTAATC-3' 
VHA-A2 At2g21410 vha-a2-1-LP 5'-ACCTCTGGCTCAAAATTGTCC-3' 
  vha-a2-1-RP 5'-TCCACATGAATATAGCCCGAG-3' 
VHA-A3 At4g39080 vha-a3-1-LP 5'-TGGAAATGAGAAGCATGGATC-3' 
  vha-a3-1-RP 5'-ATTGGGTCCATTTTGAAAAGC-3' 
    RT-PCR?????????   
CIPK26 At5g21326 cipk26-1_LP 5'-GCGTGGCTCTCAAAATACTTG-3' 
  cipk26-1_RP 5'-CAGGAGCAGCATAGTTTGGAG-3' 
CIPK3 At2g26980 3.2FL-SmaI-F 5'-CCCCCGGGATGAATCGGAGACAGCAAGTG-3' 
  3FLst-SmaI-F 5'-CCCCCGGGTCACTTTGCTGTTTCTTTCTTAAC-3' 
CIPK9 At1g01140 CIPK9FL-For 5'-ATGAGTGGAAGCAGAAGGAAGGCGACGCC-3' 
  CIPK9FLst-Rev 5'-TTATTGCTTTTGTTCTTCAGCGGCTGCATC-3' 
CIPK23 At1g30270 CIPK23FL-SmaI-F 5'-CCCCCGGGATGGCTTCTCGAACAACGCC-3' 
  CIPK23FLst-SmaI-R 5'-CCCCCGGGTTATGTCGACTGTTTTGCAATTG-3' 
TUB1 At1g75780 TUB1F 5'-ATCCCACCGGACGTTACAAC-3' 
  TUB1R 5'-TTCGTTGTCGAGGACCATGC-3' 
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????????RT-PCR?????????   
CIPK23 At1g30270 23_qRT-For1 5'-GCGGTTGATTATTGTCATAGCA-3' 
  23_qRT-Rev1 5'-CCATTAGCATCCAAAAGCAAA-3' 
CIPK26 At5g21326 26_qRT-For1 5'-ACAAGTCAGGGGTGATGGTC-3' 
  26_qRT-Rev1 5'-GCCCCGTCATAACCTTGAT-3' 
18S rRNA - 18S rRNA-F 5'-AAACGGCTACCACATCCAAG-3' 
  18S rRNA-R 5'-CCTCCAATGGATCCTCGTTA-3' 
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